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: Ju«JJ < 4- tr e.L P j 4JT (jyicj Jla^cjo <<jJu<_) (^yjj V (j^a (jyic a^LjJIj 5^ i^-itlj i oJj>-j 4JL1 Ju^>il 

^^ ajjLaJI 4jjjJJ 4-jjL$JI jjlj^aJI Jj-AGJ U X$X\ i-jJjJiillj <_^LdJI Aj\*~M LaLtll 4 i.imjJLl ^r*-^ 
CjL^».jj1J A^ejjj aLoTlaVI ljufc (jGGj ((Jj^aJI (J|J-i-u £_ aj^jlUI 4-il^.t, I j 4_tiaJlj 4_tlajJI cJuLIajJI J* mi 
<JJ>jlj-« (jyic Lx3l^ J-aTLtJ J "1^— " " (jlsj ■^W'dl J^**- 1 ^ -17-" <4- '."^" (jr^' (j-^j-^ ''-^ <>.ilJ3 (jjJ ^j-a I JjJ 1 nil 
(jjju Ji^i't t^ j -a- u JI aJl^jJI 4 l-rf *_£.} ^_ LaJtS jlj 0" 1 n^fl (J^-l <j-a jjLaJ^flj /<JL*JLj tt 1 1 aJJ 4_)L-<i sjJS (jr^-J 

.Li£.Lu-3 ilajLalll JjjJI t_al <^i t, JLG 4111 

iajLalil 4-JjjJI ujjLjtlJI x_a Jj-dJJ 4_uL>ij| ajlaj. w-ALUI jj^Lsjj p^i '-^"t <LaL»JI Sjlj^l Cilaj. Jt£j 

4j1 1^1 i^>*»." 4^1^-i^ (J-«J«-II 3_9"" l ~ > ' jl^ 1 "'* 1 (_,^~iL>^ 4!<jJl>. 4-Lalg, t-^-JL-ul JjiSj <4_jjjjJuJI «_al^_<JI «.I_L) ^_ 

(_£Jl!I (^La-tJI *Jsl_aJI *-« 4_l«JL«JI 4jJjJI Jj^Ijjj da>J ^'igU (_*jjjilllj ^'iiitl p-lUTlU iaLtll 4 inmjJLlj J-«J«JI 

j~i £ —~ >l cridJ^ J^^hf-^ 4JLal^-i"ua sj-la-b ijL^lII ^_ (jLaJLII <>Jui> r-jjjejj (JjulII 3j-" '~ j ' jl^ 1 "'* 1 ^-tij-oj 

.4_u_uL_u2l 4j1 jlW*ia J)-""**" ^_ 4jjl2|j j"i^->ij ((Jj^aJI 3j-^ 1^1 uauJ\ 

4-lLZlII oLtl^aJL! ?[GJj ^^rH^ 3 ^ (0 '"^ (jjt'J^^ -il^il (0^- ^rhldj^' 4 jjrt^tl ojub JjLUjj 

■ (j^i^Vitl I jijj iLaj^UI CjIjL^II uj! uu£=s\ ^^if—i JjL<JJ ^3tP" ^ ^3^3* 

J£. «uJI ^j^a (J^aG 4_uJjjJi!l 4_i t l5^>JI tfjub (XuJlJ ^A- 1 ,* , ^ > " (jr^J /tALoLI J 'J J f^J l'^* 4^aL«jl 2jl Jiflj 

.cjIjL^I,! Jub i_il in'^-il 4_JLi£. /<uiJlj (^Jl J1^-i uiaflj oLLLiLlILi 4JLtl^VLij 



w-aLUI j^alajj p j 1 ' -^"' t a^sLaJI BjI^VI 






SjjjJLl (J^oIjjlIIj 4 rtl'AeJLl -iljJU (_^3l_ji»- ZJSjjua (j-a JlJ^ 4JLs flj A j L<aJtJI d)l ALalLaj (jy^J (jr^ 3 * - • '^^^ -^J-" 
<i-L>- -iljil (<J£. j-fb <LalTtJeJLl -iljil f-&&3 AJSjJua Jl .ioJL (_£JJI pJUJI . ^^I^JI oJl4> <j-a jjju <jillj L#j3 

. 1^.lo l^ai^J a-iUI Aj-U (>u 4J9^L»JI /<JL»JI I jub (j-"jJ>J 

CjLo^L«J,I (<uJl2j L#-i3 ljj£.lj J^J q^JjJojJJ -iljil fdz. CjLu-uL-uI IL. La Jula q£. 2jLj£. ^^jb 4j_uL>JI ojub 

4_2jjJaj 2 J ^-— » a 1 1 (J-llo^II (Jjl Ju>Jlj Cj LtlseJiJ, I j ' ** ' I la la at I ,la (j\ ^=l .".VI Jjj^.13 ^j-^- L3 Se -£ t ^ a J&$ Ja-m-i^a J^~* '"' ' 

.iJLtSj 2j_iluL^a 
(>U L2^LtIlj 4_uJuJ,| jljll ( _ ;r ic. j_l£=pJI /<UJ /<U Laj_a£. jljjjil 4_JLa-l jJI 4-lLlII CjLll.uL.uL) 4 jjrt'stl ojub I Jljj 

■ 1 (j i r> l^i>-J (jjLtil 4_i_L) 
<Lupl i nil a Jl>-jJIj ^j tall I ~ j * 1 , 1 (jylc i^gjTcvJ Jj^il CjI Ju>-J (J-oaJkJI ( CjI Jl»-j <~ r t r> (J! *LuJL>JI tfjub p i u 23 

.4_jJUj«JI SjiLaJL! <_ijJlLU 4-<Jj^= ( _ y k. (_5jIj>o 

4.lL > JI I—OJJJU /<U 4 ril"|-t-ll 4_u_uJi_Lj| -iljJtl 4r •— 'U ^' "^'jJJ *J^' oLu-uLuulj i_ojjL»j J a lllj t^J^i I 2 Jl>-jJI 

. 4Jj jJI '"<! j-*"tlj oLjaliaJJ A^uljJ lLU Jl^= ( L^L-uljJJ 4jju».^]| 

.2 jLU (^I^oJk-S LpJS^Lcj 4jli^itl -iljil <LlL £_ C-JO-LtJI 4-,_u|j.} J a n,~ l 4_uLiL!l a Ju»-_aJI 

^rJLc j_i£=p]l *_a (_£jlj^>JI (jlj3^?l CjLLalaita 4j_uIjJ>j Lg_ajjL*jj 4_uJmi,l dAjLi^aJI J a u~<i Aj]Ij]I ajL>-_aJI 

.(j_4Jj^=Jlj JjJlJ»JI (_^jIj^>JI (jljj^fl il-i Vr^eja 

S Jl^jJI o jufc 4- -fL 41 J^""^^~ ' S-ti^aJI (j,^ j^apJI *-xs Lallkl,! 4jj|j^>J| CjL>JL«J,I Ja^j : AjuIjJI e jL=«._aJI 

LL^j IL. .L^3l_ai«- ^LlILij SjUI LjJj ( _ ;r iiC LalTtJeJLl Jj^xLllj (j-LJt^ulII CjLiLkC jjjG ( _ ;r iiC ujjJoII i_3jjlJj 

.L^lS LaLJI AjjIj^kJI CjL>JLtil (jjajtjj A^a^tlajJ 2 1 j (jjjLx-LlI tiijL±jj/ (jyic i_3jjl1II pjj SJl^-jJI 

4la-Li ojJI 4jLi1 i n-wj 4jjjlaa.j ^^^ l^^—Jj j^"" 1 ^ <J^=1-J-^ (jr^ 1 VJ^^' •— ^J-*-y ' <*-<^aL>JI 2 Jl^-jJI i^- 

(_^jl^>JI (jl^Jzl ' - ' I la la 3e a /qjj/jj ^j j -*■■.' ^j-^ - "^'! I j o Al j]^ 4_tL»g '" _ ~ (J a u.'~ : 4_uOI i nil 2jL>-_ajl 

.J^=QJI O^Ju^a ^LSj 4^1^! oUJUIj 




-g^'igip ll 1 1 ijt'i llq -c^'in li p il n'i 1 1 tin In II niiinir|oll 











:<_,!£. lj-iLJ9 <_JjJlLU 7r jik-ij SJl^-^JI ojufc 4_lJjJ Julj 

• SjjJL! ^Jp^ajyi «_jjjl!Ll LgjJ9>Llj CjIjJJI (>U ukjljjjl a^£ • 
1 j i^M .^.-^ 4^jJt_«J 4_U-uJli-JI -iljJU (j-U J-ll»ClII • 

Lgj» a (J^oLtlllj AjjjJjJI CjL^ejIIj CjIjj" mil 4 j <a flit dJIjj! • 
((jjjj^^LlLLa AjjJajj ajjjej>JIj CjL»-L_aJJ) Cj Luis LjjJ I j «.Ljj_LaJlj s-lj oj^— iJI ^jL^a 







44.LM 



pop Jl^jjuj LLuj ^tLP ^ ''""J. 1 ^->'jj-!' uLa_>I^I<3 ijJL^aJI -ilj-U <4- ■ SjlJll £- »J^_J>»^>i (jj-* *J^' 
.aJiLal! jjj^-iU j-t^LutJI CjIjJ j| ji^iittl ajji (j^ajl i^i-^ j^JLl <aJ>UI <_>al_ai>- ^liSLj < 4jjja j tlaj[pJI I juk 

£>£. ta^UI <_)^l_ai». (2>£ j-Lt^aJI ^LlILlj £ Lfllg j-Lt^aJI ^jjcaj 4 aj la * 1 , 1 ojufc 4j-uIj.J J^— ij .jL»-)VI 5jjMj 

a Jl»-jJI Ojufc ^_ .<UJl»-jJI 4.iL > JI ^ <i i n"t J CjIj JJI (j^a J>jju=ta JJlC (jyic ^ jIL-' .J 1 (j i a IjuiLus a Jl»-J t3d>^ 

1 ^ i^M .^.-^ j 4jJl»-jJI 4_lL>J I lLUJl^= J clsljjJI (^-} .U ilj"tl pljjlj aj jJI (j^ajl '-^-^ (jjjjjij i_3jj-u 

.«. ( _ ;r iiJI (j-u-ij (jLil t J La-ii>J jJLa j (j JuL>3 t"ial* : — > j^j"'^-! £— ijLjjJ l-Sjj-u 4 jjii-».tl oJufc ^_ 

3>tfl 1-1 

£—. <"<lw^"^— » j (j a ' "" 4 Lse i~i)l 4_dLu/ Cll a J i n~>- LJ^>. J_jJt-> ' J^>- aj-Lt-i^gi a I^J (2)-a «jjJI ,jj^~~ '"'"' 

CjIJjjjjj ^ <i i n~ 4 Lse i"itl 4_l>-jj3 Cll qj , ii-^. (jja aljjJI (jj^~»"n . (1-1) J^— i uiJ TciisjjJ jjfc 1 o^— > < CjIjI Jua 

JJl£. <jl (^1 Luj^^-i 4jj>L*2a aj jJI .CjL^ajJa-U ^r^^J (iirtii ,j] Ur^ <J-"t^ l£^) aJjLslLs CjLa-u-io-J 

Lj^Sj ^jl i n" JijJJ^jJI 51".^-. (<~<l*w^"^^tVI) d_Jl i.„t| ClLcre-iTo]! JJlC ^jl i uJ (dlljjjj^l) i^j.jJ.1 oLoe-ifuH 

UfJttj LiUj fjjiju^-Li JJsl (^,43 jj^L^aJVI 4l"i^-> Lai («=-^= 1.67 X 10 tyll^ er^J (jjjjJa^LlI 4±L^= 

ja^._aJ Sl>L!! *lj^l lUjI^ .Sl^ll If. Sj-f^j-a SjJJI ih^-, ^lx (jiis cr^W j ^ft^a 9.11X10" 31 ^^ 

I Jl>- ajjj^— i (_!Jl^>JI ^jS 7r j i <aj ajjj^— > 4j>.jjJ CjLa-u-u^>JI (_!jLajj LaJtltS .ijjjiJI aj^JI ^ a i n" 4j-aL>- (^_aS 

^JJJI JSJuJll-1-1 

.CjlJjp^=J^I JiJl£. j! CjLJjjj^I JJl£. 4JL aj jJLI ^j JJI JiJmJI i-3j-»J 




ajjJI (1-1) J^=ui 







cijJJ! oj^l 2-1-1 

2 Jl>-^j ^ <i i nj La 4_<-uLiJ9 '£— a JlJt" i nj j Cj Ij j^3_ajiJ I JJlC + CjIjjj^jJI JJlC 4JI_i aj jJLI ^j jJI (jjj-II i— SjJtJ 

.(amu) 4JJJJI <Jb^=JI 
^UbUJ! 3-1-1 

4- ' M'Vi ^1) i^jJl!! L^jjj 4- ' ^I'Vi l(j'^-»lj (cjLJojj^JI jjl£.) ^j JJI jjmJ! umJu LjJ jiJI cjIjJJI (^ 

(_5j jJI 4Jjj (jl ^1 Cjlj^pj-U 6 J oLJoJjjj.) 6 4_i (j^ij^s <j}[2$£ (j^ij^—iW LlUjJ JLus .(oLjjjJa-iill _}Jl£. 

(_£jJl!I (jjj-^ d>i^ Laj-«-C .14 (_£jjJI 4Jjj 4JI i_£l CjlJj)j3_ajJ 8 J CjLJjjj)j_) 6 4_)j_U3_) (j_o-)j^= tiJLafcj 12 

JJulII Lai t l^e-pe-Lgi IjJlC jj^~~ '_' "^ 2-iLi 34S ^LlILij 0j5\ lai? AjjjJI (j'jj^' ' ' "j" * jjj^""..' ^J'"''^ 

jijjj-^aJI jjk't 1/12 L4JL1 AjjJlII J"^-»tl «Jl>-j <-3j-»J La SjiLc .Loolj Ue-pej^a IjJlC (jj^-i^ i£jjl\ 

12. (_£j jJ! 4J)j (_£ jJI 

oljljJLl 4-1-1 
cjIjIjJ.1 ojub 4_cjUg;"^-ityi pjjjj j cjIjIjl^ 4- S_j jlJI J_a^ jjJij cjLjP^=J^I (jLa JjJa ^ Lj_<if 1 o^-> 

1 jj>» 5lj-HJ jl j^a <-jpf uj^-'j ^p-j • n =1,2,3,4... ^LajL jf k,l,m,n... l^jj^kjcjIjIjuJJ j-ajj (I 

I JL^aA j ... (ll j|) 2jjb <uL (^JJIj (k jl) 
2ll 2 <L3>U]I ,j-a 4jL_o^ (j^-"lj (jl^l 4- UjL^IujI Q^-xiJ Ciljg/r^lj JJi^jr^l jl ) jl JtJLl i*-u< (<_! 

.jJI.... 18^(mjf)3jljdl i^ u j8^(lji)2 J ljdl a^^j 2 ^ (k jl) 1 jljJtl ^ tf ^1 

PjljJ.! 4jl^ 'Oj/'^^j 2 (^4 S jljJLl Ajlx^ .f,d,p,S ^yg-mJ 4-iLa.b Cjljlj^a Jl CjIjIjJ.1 oJufcfw.irtM (^ 

.lijP^sJ) 14 ^ f jljJLl a^ joLg/^tj 10 ^ d jIjJL! ***- <oLg/,^tj 6^> 
.Ijl^la j ... d,p,s 4j j^jj n=3 jIjJLIj p,s <b j^jj n=2 jIjJLIj s jjlL 4j j^jj V n=l jljJtl (j 

.CjlJj^l^aJ^I £allaj Sj-aLk JlcIjI i_<-<_to* LallseJLl CjIjI jJLI l£J ^Lj^I^aJ^I fjjlu ( -4 
(Mg) ajjuiifLlI Jt*'t*\ ^JjP^aJVI JJjjlJI J-^J (1-D JjJ^- j»l J^iel^Ll : JUa 
Ji^L^a ic-jj-a (jr^J 12 >^> Aj^Lcal£Lt.l 4- (^jLj^p^aJ^I JJl£.) ^jJlII JJulII (jLs JjJl^JI £yi :<_L>JI. 

2 .b ^liJI jl jdlj (Is 2 ) s 4. oj>i==Jl 2 4j JjVI jl jdl o^ ^ cr^" j Is 2 2 s 2 2 p 6 3 s 2 
.(3 s 2 ) s 4. <jj>i==J! 2 <u dJliJI jl jdl j (2 s 2 2 p 6 ) p 4. oLj^^J! 6 j s 4. oj>^=Jl 







jil£a2ll oUjp^=JI 5-1-1 
.(Ge) ^joJU^JIj (Zn) <j^jUJI <>a J^=J jJaL^iJI oljj/.^tj j^jl (1-1) Jjjl^ ^ : Jlia 

(1-1) d>^ 



Ju'lffll 


>jfl 


jjiil JJ*Jl 


y4SJSH\ &$£& 


Hydrogen 


H 


I 


Is 1 


Helium 


He 


: 


Is 2 


Lithium 


i.i 


3 


Is 2 2s 1 


Beryllium 


Be 


4 


Is 2 2s 2 


Boron 


H 


5 


Ir2.v 2 2p' 


Carbon 


C 


6 


ls 2 2s 2 2p 2 


Nitrogen 


N 


7 


L? 2 2s 2 2p 3 


Oxygen 


() 


8 


ls 2 2s 2 2p 4 


Fluorine 


I- 


9 


ls 2 2.* 2 2p s 


Neon 


Ne 


10 


ls 2 2s 2 2p 6 


Sodium 


\a 


11 


ts 2 2s 2 2p 6 3s' 


Magnesium 


Mg 


12 


ls 2 2s 2 2p 6 3s 2 


A I urn in i ut) 


Al 


13 


Is- 2.s -':,." 3r'3p l 


Silicon 


Si 


14 


ls 2 2s 2 2p 6 3.s 2 3p 3 


Phosphorus 


P 


15 


Is 2 2s 2 2p 6 3s 2 3p 3 


Sulfur 


S 


If. 


Is 2 2s 2 2p 6 3s 2 3p 4 


Chlorine 


a 


17 


l.* 2 2s 2 2p 6 3s 2 3p s 


Argon 


At 


18 


Is 2 2s 2 2p b 3s 2 3p 6 


Potassium 


K 


19 


ls 2 2s 2 2p 6 3s 2 3p 6 45' 


Calcium 


Ca 


20 


ls 2 2s 2 2p 6 3s 2 3p 6 4.y 2 


Scandium 


Sc 


21 


t5 2 2s 2 2p 6 3s 2 3p 6 3</ l 4s 2 


Titanium 


Ti 


22 


1s 2 2s 2 2p 6 3s 2 3p 6 3</ 2 4s 2 


Vanadium 


V 


23 


ls 2 2s 2 2p 6 35 2 3p 6 3d 3 45 2 


Chromium 


Cr 


24 


ls 2 2s 2 2p 6 3s 2 3p 6 3rf s 4s l 


Manganese 


Mn 


25 


1s 2 2s 2 2p 6 3s 2 3p 6 3rf s 4s 2 


Iron 


Fe 


26 


Ls 2 2s 2 2p 6 3s 2 3p 6 3(/ 6 4s 2 


Cobalt 


Co 


27 


ls 2 2s 2 2p 6 35 2 3p 6 3<i 7 4s 2 


Nickel 


Ni 


2.S 


ls 2 2s 2 2p 6 3s 2 3p 6 3d 8 4s 2 


Copper 


Cu 


2') 


l.v 2 2i' 2 2p fi 3s 2 3p 6 3d 10 4s 1 


Zinc 


Zn 


30 


h 2 2!,- 2 2p 6 3s 2 3p 6 3rf' 4s 2 


Gallium 


Ga 


31 


b 2 2s 2 2p 6 3s 2 3p 6 3</ 10 4s 2 4p 1 


Germanium 


Gc 


32 


ls 2 2j; 2 2p 6 3s 2 3p 6 3d 10 4js 2 4p 2 


Arsenic 


As 


33 


Is 2 2s 2 2p b 3s 2 3p 6 3d la 4s 2 4p i 


Selenium 


Sc 


34 


Is 2 2s 2 2p 6 3s 2 3p 6 3</ l0 4s 2 4p 4 


Bromine 


Bi 


35 


1 s 2 2s 2 2p 6 3.s 2 3p 6 3d ' ° 4.s 2 4p 5 


Krypton 


Kr 


36 


U 2 2s 2 2p 6 3s 2 3p 6 3i 10 4s 2 4p 6 







ls 2 2s 2 2p 6 3s 2 3p 6 ^ cry^jUJI 4. oUj^^J)?! ^^3 jf j^j (1-1) Jjj^ ^ : J^JI 

2$a (jal^-i-.tl oLi^-^tl)^^^! jljdl a.o^-.gntVI jaA^T^l 3d 10 4 s 2 

jj^cL,l^lls 2 2s 2 2p 6 3s 2 3p 6 3d 10 4s 2 4p 2 ^Uj^JI 4. olJjp^JVI ^j: 

.4 jjfc J*l^-.tl oUg^aJI 

: (2y> J J '" t IJl>- ^Labfe j'al^— ",tl CjlJ^p^aJJ jjjju 

j'al^— ",tl CjlJ_jp^=JJ ( _ ;r Ll AjjLjJ-lIIIj AjjLuiJ^aJI ^^I^JkJI J^Jj" 1 ^-— Jlajaj ( I 

Juiusii socia 6-1-1 

Lai* 2 jmLa cdllA . p j S jl S l $±uj J jl=J$\ jljJLl 4- -^j^ "^ ^ -^ 0-D Jj^^-j-^' Ll*^ '^1 

p *}Lial (_$!) ^jLkll jl ail 4- ^Li^p^M a_uUj ->>>.j oP 3 'f^^V'j u^Jj-^' ^L ui mL ^j 

■-..i^pll ljub J! Jj^^LJ oljJJ! oUJI of U^= jlj^i^^lj oLpJ! ^ j;,!^ IjljLia SjjJ! ^ (s, 

^V JfiLia V (Ne, Ar) ^uilj u^jVl Jia UaLJJI oljUJl .oljJJI <jru Jajlj^ iu&l jJ! s^l Ji^j 

cy i^=j tpJI S J^>!l 4JUJI (^ ^lL^U o.uiUL Ul .^f»»Vl jl jJLI 4- oLijp^JJ LJUi l^J 

CjLJjp^aJJ 4_La J Jul! I I jufc LjJ <j-u-J ^^Jl ,_£jJ^I j-loLulJI .1 1-» S'q Jls-Ij j! Jua -i^^J liUjj (jrUjp^aJLi 

:4jjVI Jj^JI (JJ^-Li 4JLuL-*IJ o*-^ J^l^-»"tl 

.s^^Vlcilj|jdl4- t ^i.Tcilji t «S^a ) LiJLI % 
OjjVI 7-1-1 

Lt»-j^a IJjjI fj, a 1 uJ <UL>JI <>Jui> (jy^J 4 i -a- Mill ij^-j^a -- • < aJ LgJLa j"'^~-' Jl U^p^a-ll 2jjJI jJLaj Lajtlc 

jl LJL-u LJjjI (^ a 1 n"j a ibe ("ill 4_jJL_u 7t 1 1 ,->" LgJLa j"'^~~'l jl lJj^"^—iij SjjJI <~< < < »~^s\ lij Lai i Ij_jjjL^=j| 







2Aai\i\ 3 i\Jlij^\^\ 3 ^\ 2-1 

.ljjulII a^iyi ( ^ 

tla_)lj)jJI ^j^a j-tl^aj 2jJ9 JSl ioLc (jyjfcj Jal^— ",tl CjLJj£p^=JI (jyic J-<Cl<3 V (jr^J *d?^ L ^^JJ L*JLi4> 

4^jjV! U^IjJI 1-2-1 

2_ oLg/i^tj aj^^ 4j jiis V (CI) jji^=JI jjj^VI jIjJLI 2- jl^Ij ojj"^-.tj 4j jJte (Na) j»jjj>^I 

.a-uoj^/I aI^jIjJI ojljsoj cjLJjj^?! oJJt ujjUejj .<_JL_u 
.iiijjVl ILjIjJI ^btLojj (v 2-DJ^a ,t.j ( I 2-1) J^-i.t. 

A-LO-ifel iint) IlajljJI 2-2-1 

4-taj|j (jljjj ilajj^pJ LsJtJ£. .CjLJj^p^aJVI 2_ CjIj jJI tiJjLiuj LaJu£. jlj-alm^l aJL»- J'^»" aIsjIjJI ojufc '£— 

jufc jLjkl) (J^slaJ J «Ltaj|jJI jut 2_ Jl^M ^^iil Jl»-Ij jjj;"^-— ^.' illjl mi" aj j J^ 1 — jLa 4jq a»l m] 

(jj« .(CH4) tjl ii - uj ] 4-La-ffcL.ulII 4_kj|jJ| 7=-xisjJ (3-1) J^-i mi .(jrpjjJI (j^a >L^= <_>^*>J CjLJjp^aJ^I 

Olji J-X4^ ^kjjjj ^pJI (j^UI aJiLa ikjljjl ijjtjj JliLa .iLajljJI J.^int Sjjj^-i 51LL Jl rLl>o mJJlJI 










(!>(§>) 



**! j#1 ^ jB 



®-0?e-©-e 

II V II H " 
©X®c©c®r© 

H *' H H 

H || H 7| H 
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iujjVl ii^ljJi (2-Dj. 



.AJ^la i^j-i 3000 (-JjLdJ 



l«jjJ*« *> iujsui 




3jo^,„-ll IUjIjJI (3-1) J^-w 5 ;, 







jjjjJI l_flJj-*J v j^— I q ) J 4 J<j <frLmJ 4 



^>J 11-2-2-1 

i 4_Laj|j_> I j «^-»« > *_a 4_Laj| j p_<j CjIjI} icj^jstA ^j^. SjLlC ^Jt 

12.011 jjk ^j^^l SjjJ ^jjJI oj^'j 1.008 amu j^ O^jj^V SjJJ ^jjJI <jj>!l u 1 ^ 3 I M : J^° 

.tjliull s-^j-^J l5j^' uj>" ^J^ amu 

^yJbJLjj ji^jj^a Sjjj (^^jj^jjl (jjs CjIjJ jjjI ^k. (JjI^j dA^' *l5>^ ^ -^J (3-D J ^-»" ' <>a :J^>J! 

4xH + C ^a. o^!-*^ *l5>?^I ui^La 
4x1.008 + 12.011= 
16.043 amu = 

OLijudl) iyjlAJl 4Lu\jl\ 3-2-1 

.4j>Lj £>£. Jji^j V U^L) 1 -^ J^L==^I CjlJjp^=JJ JJlC (jL Cjljlill J-loTij .(tlp^*-^ ) ^Ijiflllj 5xaU- ^yA 

CjIjJJI t>U 4^=j^>JI Sj_»- 7t ji^'l J^l^-i"itl CjlJjp^aJ^ CjljJLDI clsljji JjMLJ ^^ ikjljjl oJJb Jlajaj 

(_U3-*3 ^_jOJl Ajjj^j^slJ z I 4_i La- i n lL) ^ a i ill La '" Jj J ?"'^~~' oJufe j)J i ~~ '"' ■^- L>- 3- a ^Ji-j_a-)l CjljjJI 4-tS ) ■- ■ i ^"^ 

=j JJ9 ikjljjl ojufc .4_uJudJ iLuljJI Jlaj (4-1) J^-i mi . l^i^-it n 4_u>._ail CjLJjjVI lUjj j^lc 

4JL>- iL. 1 o£=a I Jl»- 4jjJ3 ji_a^=Li jJs jl -39 C OjLjj^aJl »jlj-»- i>.jj iJLu da> <3AP' 4JL>- <4- * *== 

.3410°C ojL^I ^ jJLp ^-^ JU^HJl 




iijuJL! iX^iyi (4-1) J^ui 








! 4_j5LS o15j>JI J*jI>3 (5-1) J^i 



Ju^lill I^ljjJ! 4-2-1 

aj JJI 4- CjlJjp^aJMJ (jjiJUelU JJJjjJI (j-^=-5j Wj-^ 3 4-!-jL*l<a CjLjjJ^JIj CjIjJJI jf i_3jj_s<JJ <j-a 

.4_uIa2JI <LuL-S CjLjjJj*. dajljj Tciisjj (5 -1) J^— i u< .4_uIa2JI <LajL-S CjLjjJ^>JI jI CjIjJJI tfjuk ^ <i i »"j jj>- I 

: La] tfjufe <> i i t-i .-1 1 1 4_j_iL<j ^jj ^-—i " j 



JLiAJI Jljtl 3-1 







oljiAJ! 1-3-1 

k^sjj>. 4jj->- ^J\ iS-^^i L*- 3 AjMj £>£■ ^J>^ ^ J^L^=lL!I CjlJajI^sJI JJl£. (jl_i Lajaf CjIjJLzJI J-l^TlS 

tj^yL La l(jia j-^ajij sj_Ld-d ( _j^sl_ai>- CjljJLal? .(Jj-2 <j-a Ljj^=j 1 o^— > CjLJ_ajj^=J^(l 

.SjIj^JIj r-l^j^H JLt»J| J-u^jHI ( I 

■J 2 i <aj La Ju£. (jLU, J (Jj>J LjJ (uj 

.GUI ^ ji^=l) LJLl a^L^= y (_a 
Cilj^J^JI 2-3-1 

(jiaAJ J a ifuJ JuS J q^JJ jL r^L 1 <LLajjjJ,l ji^aJj^-ill Cjljj <j-a (ijS^Llil CjLjJ^j.) iL^L J^-u^L-u ^£. ajLul ^^ 

: ajJLjJI (^I^oJkJI 4J t ^.IA I j ^l^-jjJl^ijJIj jj.'j^~- SI j-^> ^LduVI j^-— ? j ^jj-VI jj-aLiaJI 

.SjIj^JIj sLj^^JL! J^jHI aIl^ ( I 

M ^— < *"■ . i^ /ji^sj La jL*£ ■ d *^ ' d '"■ 4-ljIo al 4j3 La.co -j ^^-— »" 1 ■ju '^ ,_JLiJLa, g a * aaJ 1 4 U-t-u 4 i ■■*— 3 1 C ( * > 

■ 4 rij^J 7tjlj_ilu 
Ju£. (jjl jJLII /<u-ul (J^/LlJI j I LaJ (jLp-^l J^Jj"'^-— 4r *^^ <-lUjJa. Stjj,..^ 4JL^=uiiJ jJ^slaj I j uaJU ( r 
.Cjlj-a-Jo-JI ,j-a «.j^ ,jj| jJQI (jta ^l_aJI 4- 4-^=-S J Cjlj-a-Jo-JI Jl ZjUuVI 

oLa>JI 3-3-1 

>_J£^I *j^>JI jl (_LaL^=JLi <LjJjjl Lai AjjjJI ilajljJI jj^-— " J ^jlj^a Vj ^j'j^a (j-a jj^~- "'"' La oLc (j^ J 

; L^j CjLtSJ^>JI (j-ajl ii-i^ *ui>l (j-« .^jji L^-tS 
. (Jj^-wV,!! 4jt,^) Sj>LuaJI SjJJuS. (I 

.Sjlj^Jlj *L>^=JU iJjLz (^ 

(_*3j3 ( -^Ij-^l ^J-A 4- -^J>L 4_i2) jj jj>.| (^ylt.a-1 jl AjjjJLi -ilj-« ^ <i i uj oLiSjJkJI ^j^a j_u^= j (j^Ltil (J^= 
I o^-> < Sj-li^3 4jjj CjLaL^uIj ajj^-i"a j 3-aJaIla iLajjiaj jLuVI «LuMj Ajj^jLlji, Jl^-i ifu) '£_ CjIj jJI 
CjIj^= L^Jl ^,^1 Lub CjIjJJI J-lloj (>^=-*J .CjIjJJI ^ L^Jl^j^p- ^Jjll J-a aUal!l I juk 4- S_jjJI ^kjl^pJ 







CjIj jJI f-^lj-a ' La *'* (JIlaj (jLp-zl (J^aju £_ .dlljjJI (j-a L#Jlj-t». <-;->j^l f-a 2jj (J^= (Jjj^o^Ljj j 4. 

.Au^ajLiilll 4.lLl?L) 4 aj La ' 1 , 1 o jufc ^ a ui" j jLti^l 4_u}Lj 4 aj La ' a IL. CjIj^=JI j ^— j a J if JaLaJJ 

^_ jj^=ljj CjIjJJI (j-a aj-L t -L o icjji^Eja (Jjj-La (j£. AjjjJLJI 4_iijJI (JjIU-I (j^~> <1J a j j i. p . 1 1 -ilji.1 4r 

LtlaJtJI oJuk 4jjmi1 j^- ij J 4jJl»-jJI 4.lL>JI ojufc "jj ^— J j I CjIj jJI icjji^a ^ a ui" .4j}Li!l jLtJ^I 

t fljj^-i"U «Ju3*_aJI (_3-4 J <4JolaJlj J^-i^-> AJjiaJLJI ^V 4_±Aj jlji^JLa .u_s_alaJI <j-a ljr LiX\ jlj^>JL-> 

: £j\ i i 1 n 1 IJl>- a J-uLa 4_)jL>.^aJl 4_lL>JI 4-l.u I J .} ^_<J*J .4_iJl>.jJ| 4-lL>JI 4 I I ll" 

Lj^UkJI 4-i-uIj.} (j-a ajLall J^-— ^-— 4jj_oJLl!I 4_lLl?I (^£. 4-aLi> oLa^olta (^ Mir "ml J^ 1 — aj (uj 

u jt^-it,l jaLLilll (jJiLtail 4j_<_allL) L^a-itf (>^=Jj 4JJu»-_aJI Lj}L>JI (j-a ajn^-i HjJt tllLufc 

(jh aLLalll (jJJuk Jl^I ^Ifi. igol>o (90% j " j"'^-4) (j- 3 ^' pfc»»« .Lj}Liel! (jr ^ljL^JI |>LLal!lj 

ttJrCLJL^JI (jjjub (JJl^I ^ic aJiLc i£al>«J lP^' 4- Ul*^" 1 ^ ALLa-LlI 

. (BCC) ^^>JI igj^j-* c,:^!! f LLaiJI (t 

. (FCC) 4^JI ^j^=>a ^.t^nll f LLaUl (t_j 
/aj>.JjJLl /j-t-ul J> ' nil a I La * II ^ a ' nj^ 4-llClJ I p^~~ »-3eja ^_ y jj/l Jljjj jj i*ii i a ^c 2jLlC _4^-2 ^-i-ul J i nil a I La * 1 1 Lai 

(HCP) 







( BCC) <^>JI ^^»>. o! t^t,l r UiU! 1-4-1 




.BCC Jl 2_ 4-m,M,I o!^=J! 4jp^ olj JJI yjjU ^j^ll J^n ,M1 - I (6-1) J^=ui 
.BCC J! 4. ciljJJ! jjjjU ,U,„.U JgaAll - v 



SjLui ^iiJ! ^jub J^ A .(Body Centered Cubic) ^h^V! <> ^L ^0^1 I \i BCC >jJ! 

*jjjll iU i njU J^— i i"itl (uj6-1) J^— i i"ill TciisjJ 1 o^—i 4"<i i^iU aj^— i tl <Uj_ki2) CjljjJI x_jjjjJ ^ iijri-stl 

.BCC Jl^oljJJ! 

If^Jbj 4_lL>JI ^ya I j i^\l sej i "I ^j^-— i i ' <LaLb Cj LaaJjt-a *-Jjl t-LJLLjfe .^yt i mt mIIj 

■ ^SmmH ^JuJI (I 







u tu,rrA\ jjuJI 1-1-4-1 

(j-u^a^Lj ^pJI CjIj jJI JJl£. 4JLa £Lq-L*aXI 5j^=JI rij-*JJ J .aj JtU Cjljj ^-ij^l 4J1_J (jr Lt^uJlII JJulII <-2j-*J 
sj jj ^rtjiriMtl J Jul! I IJJl^jI lil 4J| ^ylt-cj aJjUj^o ^j^LII ^UaiJI 4- CjIj JJI f-J-*^- (j^ £^L^' 4- ■sj^' 

jli ^L-Vl I ju* ^j jj^jil IL. ^1 SjJJI ^^Jj jL^=j^l 2_ oljJJ! LJUi (j? Jl^j (16-1) J^-i.t. (> 

LjiiJI 4. oljaU l Jxii\ jjuJI 2-1-4-1 
j-^j-^ 2 JJ ct ^ (T6-1) J^=^ (>» .aJUkJI Ji.b oljJJI jj^i ^a aJUJI 2_ olj JdJ ty l*iJI jjuJI 

.1/8 Ula ijli. J^= ,..u*\ jl^=j^l Oljjj « aJUJI J^Ij L^Lal^aj 

1+8x1/8 = BCC Jl ^ olj JJU ^Ll^JI jjuJI 

2 = 

Sj JJ1 jL^ i h,«\ j A^liJ! jUjT <£j *3>L»J1 3-1-4-1 

Lattice ) ^^./:.ti ojIjj jLp»^l o^ 1 4- <jr<-^ j ^..^ti *1«^ J>U LJUJI jL»jL Li* t.^s» 

2j JJI jJaS (_L^ j (a) nAll jLi J^L jl Li^jis li! .&}LjJI o job jj^jj (7-1) J^im, (Constant 



V3 a = 4 R 

a = 4/V3R 

.JjJu»JI Sjj A-i^auui CxjIj Jl=-jI (nm) jj^s^jlj 0.124 JjJu»JI SjJ jiaJS < Luaj jL^= lil : JUa 

a= 4/V3 x 0.124 = 0.2864 nm : J^J! 









(APF) ^jjJI f U:>jVI J*L** 4-1-4-1 
Atomic Packing Factor 4Vj_JL>j)M kkiSL lJsjju j olj jJI 4±^»J ^jJ! LiLkJ! <>a f^-JI i^ j^ 

.(APF) UjL^iiJj 




BCC Jl 1. SjJJI jlaS . Luajj UiJI jbul o^> ^>^> (7-D J^A 

4_JL>J1 («-5=-»- 

BCC Jl £. ^j jJI f laojVI J^U-* ....,,^1 : Jliu 



APF = 2 x 4/3 n R 3 

(4/VR) 
4/3 ttR 3 

(4/V3R) 3 



teM 



ji^_ 



— 4_dj«JI <up. 

APF = 0.68 

FCC 4*.yi i£j£=>j* u[*^y I j»Uiill 2-4-1 

&c SjLui LJLiJI ojub J^=ui (Face Centered Cubic) oj_jL>jVI ^ ^L ^LkUl I Jl^J FCC j^jJI 

( I 8-1) J^=_<i j-iisjj .<AJL^=jf <>* o^=j J^= 4- s jAJ ^j' 6-" ^J J^= J^=j^ 4- S JJ ^ y^-"* 









.FCCjI^ol^l^ 



^4^1 




.FCC Jl 4. 4-g.^U olj^oJl ^Jki. oljJJI jj)>U (jSjS-^11 J^auSJI - I (8-1) J^i 
.FCC Jl ^oljJJI gjjjil ,U,„,U J*-, All - v 



\*-a jj^a^bj ^J-^' I *' M j ^-J " 4- ~°J^ O^ (^La^l ^J^' <>° (18-1) <_L4=lA!I lluaje£ lil .(>G}LJIj 

.4_lL>JI (j-oij IL. 4_LflL>JI «l».j^I j^s\jua '£— cjIjJ «_ijl (*_i 

.L^aUI^I 4-jiiJI 4- ^ ijUsLaVl 4*jVl j^=lj-a 4- ^Lp f ^£ 

4_lL>. J^= v.!"***' o^-^=j^' ^Lp o' Jl ^ ( T 8-1) <_L4=ui (jjs . j ilif LSI jj»> ^^.-.r.tl jjuJI (jli ^yJllIlj 

.1/2 L^la 4uli. J^= LMi.il <L>.jVl >^=!>a CjIjJj 1/8 L$ia 

8x8 + 6x1/2= cilj JJLl ^^LtiJI jjuJI 
4 = 

:(i;jLiJI jLu!) S^.-'i.tl c*jIj j Sj JJI j-Lal l-1^ <j£j £a}L*]l (jl JL>J (9-1) J^=ui <>a 

V2 a = 4 R 

a = 4/V2 r 










FCC J! 4. SjjJI jia* . h,«>j UiJI jbu? ^ js^lji (9-1) J^=ui 



.FCC Sjj^jl JLliJJ f UojVI JaL^ J^jl : Jlla 

(4/V2R) 3 = 4JUJI(«^ 

4/3 ^R 3 = sjJLii,***. 

APF = 4/3 ttR 3 = 0.74 

(4/V2 R) 3 

(HCP) ^.sjJll ^Ijl^JI f LkU! 3-4-1 
ialiJI tfjut. (J^=3uS. (Hexagonal Close-Packed) ajj-JLvj^I fo* ^L *UaUI I JljJ (HCP) j-aj-H 

.4-Uji£.L£ (jjs J^= j^=j-« 

cj!j^=J! J^i A j^jj (cjIO-1) J^=ui . oljJJI jjjjU ,U,..jtl J^-i.t.tl j-^jj ( 1 10-1) J^-i.t, 







cC 







.HCP J) ^cjIjJJI ^jU ,U,„,U J^-. AH -T (10-1) J^A 

HCPJI 4. 4-,o,^l,) olj^JI ajjJ^, oljJJ! jjjji] ^SjS-stl J^tAtl - M 



.AjJliill aJL>JI '£— p^»ojJ,l jjjiiiil «»■ (-(Kit. I : Jl!u 
4 .(C) gAiSjVI j (a) Sj^LsJI ^JLi J^ U^j aJL^IJ jl juu ^Lla ( U0-1) J^,,t, 4 U^= : J^J! 

J^la 1 -|t.V,;^ Lu^Ui Laj-A cLa-m^JI '-^_ '~'lj j II dl>tj « a aJLclaJI J^=J « \ ; j"' tl jj 1 ^" i AjJloil aJL>JI 

pj^JI fL23jl jf Lf-^^jj i_3jjjJ.I £yn .( C/2) jjmi'U f-Lfljjl t LuaJ /ajyJI I jufc fLiijI qj^~»j -(a) <i*JLb 
: 4_La j .0.8165a j^b a 4*JLb Jjia ^jJI pty.;ti lj ^^\hi\ 



C/2 
C 



0.8165a 
1.633a 



2.6 a Lu^JlJ (jj -i4> a 4_*JLb (Jj^a (_£JJI p laj ' 1 1 (j^-i-ul J i uJI J^-— iftJI 4j>.I - «« (jl I ijajl LuisLj i_3j)j_*JU ^j^a 

,jj 1 11 1 U f^^>- '- 1 1 ""*''' ij' 1* - " ' " ' ^-"-^j 







1.633a x 2.6a 2 = 
4.24 a 3 = 

^ j_aAialI ajjUI SjLtLiJl j^=>a 4- cr^ 1 h^ ^b^ 1 Sr>j^ oP 3 (^10-1) J^ -1 " 1 Ll^=^ lil 

:^LJL4= 

.0 JLC.L5JI (jJiAjj L^J i^pJkl oljJJI Cm (uJ 
jjfc ^rtjirintl J Jul! I <jLa ^yJLjJLj j ^yl^l <>a jju.nl I I Jl^J jjL»Jkl jju.nl I lUj-uj 4- ^Ij 1 -^' ^M^ (r 

(j 11 ii 1 4- ^J^-^ (J-uJl^.L5JI j ^— >lj-a 4- dljjJIj 1/6 1 (jia jj miUI ( ij i^n (jLa ^LlILij dl Ijj ui '1 a ilm l(j/^ 

J^= 4. aJjLAj oL^j^l *=»bJj jj m<UI Jil ^ <>"d Ja^jl 4. olji oMibll <j4 ^ (^10-1) J^-. ,t,tl 

tjjLS (^jJLluL) j 1/2 I j * a jj 1 11 i U ( ^'^' a (^jJLlJLi j QjJJ i"i i a MJ' a 

3+ 12x1/6+2x1/2 = cjIjJJJ^L^JI jjuJI 
6 = 

; (jj <Uj)(j i uj g-'i" 1 11 < (jl » jWi 1 11 < (t_ll0-l) J^— 1 i"itl (j^a 

a=2R 

.yiiUI iJUJI ^ HCP JQ ^jJJI f UojVI J^L^a ,.,,,,^1 : Jlla 

4.24a 3 = V 1 ^ yujl 4 ; 4 i ^ 1 (***■ : iW' 

APF = 6x4/3iR 3 
4.24 x (2R) 3 

= 0.74 

^3LJIuL^UIjuLj^u4I 5-1 

6 Jl>-jJ) Ltla^Jl UIjj-u AjjJlII &l*i^-ill ^ifi. Ajj^JLJI jljJtl (_)^>l_ai^ jLp-zl j^jn^i 4- "-Ulbu 

JuAXI <>o 4JLs jljJtl ojufc *_a J^Ltlll Ju£. 4JLa <_lUj> ^yLl l«i Lb .(cL^Lmil e Jl>jJ) 4JalmJ.I jl (JljiaVI 

Cjl(j-r"t,lj CjLjj" i ii U <L-ulj jJ 4Jj(j i n j <LJLcLa ijJ-^-J' j"i^~il ■ ' Lb - * - " 4JJ_al) Cjlja Tn -u-a j Cil^-r'a JjJljso 

CjLjj" i ii Uj CjLjjjejJLI Ajj/IjJ (J^L>- (j-a tiilj 7c_iis_aJ i_3a-i_u j 4jJu»-jJI AjLJkJI (J^L>- {_yi jj^~- _' AjjjJLJI 

.^jt^tl f U2LJI 4- 4jj_aiJI 







o1 *^U f UiUI 4. -^jLl\ CiU*H!l-5-l 

I -1 ^-— > Zi,I,A <>L>ijl £—. I j * a jjLta O^G /o 1 iijj (J-i-^l "Jail <j-L*3 ^j-* 3 J-l2s «L^lil («-<-" J 91 2*I^-SJ . — 1 
Lai J^—i i"itl_i Tciisj^a jjb 1 0^—1 jjL*-aJJ <L^»-jJJ CjLbLso x\ l_ajl-i (jj)^~»"< .(H - lJ (J^~" '"'.' J^-^J-* J-* 




U .t^-.U f UaDI 4. jjUJLIj Ju»Vl ikii (11-1) J^=ui 

4-lU. j>a oL^eiXI lt\J£> 1-1-5-1 

: 4_lL>- jj^o 4j^IL« 2 s.! ^Jil 4_JlJ! i ** 1 1 a la Jh i ' f-p-l 
CjLibLsoLi lal l i"~».V! *_a 4^ejI! L$j j-4-J <L— p*J (_■ *^-it,l (jl_^=ji <j_a J_ca^?l 4_LaJiJ jLlltU *u-J (I 

.(li-i) j^~i 4. u^= jjuai 

.(a) 4_JUJI jLi J^L iJ^jLj jjUJkl SMj j^k. 4^1X1 lLLLlJ jl^j (<_i 
^LSji 4-j^lii j-t-^ ^ LjJIjio-V dJp_<iu3 J-aLtj p ■■■"' j| (oLLalS --^l 4-jMii) ,»IJaj^l t>j^& <_ ij ■ >■" (r 



^ULi-u^U ttj-t uaJI JiJlJlII _a_A U ti~p« [UVW] Ajuj-a <j-"lj^l (jrU A^rj-r i^itl aLsjVI ojufc *-t^j3 (j> 
(jr lc tiaLx^^U TrjT i^itl JJulII j^k W,Yj_a^ta (jr Ll lLIJL-u^LJ 7TJ-T i^itl JJulII _a_4> VjXj^sta ^^lc 

.AJlLaVI (j^it^ (12-1) J^— 1 i"i 7c_iisjJ Ltjyxja 
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il^jij] iliat (12-1) J^=ui 



«Ls&i>3 (*j-uj 2-1-5-1 

:4jejII f«-<-uj 4- i^l^l .-.IjU-Ltl . ,Ca La ojLc 

jl jLi^vi 4. jl^Vi £6 (li-D j^.t, 4. u^= jjuaijj^Vi iiasi j ijikii (^^ (f 

.Jj-a VI 4 La aj Ct-LiiO *_a flg-mVl CjLfcUol ^yfc jjUt^il 4_j^ jj. I CjLfcUoVI 
<>a U Lfcjjl isL-^ Xjo^ta (^ic Jj^aVl 4-La.aJ (j^a jL-JJ fjuj < [UVW] jjfc <L*lLI jL^n lj! (<_> 
X Jj^ta 0U0I j"^>- 4- J S^J-* U C^JL^= lij X j^jta 0U0I 4- ( a (jr 4 «JL>.jJI ) CjIJl»-_oJI 

V dJL^= lit Y J3 ^X Ljl^a V ^LaL^a ii] > jtUI TjuS Sjl»jl>JI 2t,a:tl ^ .iJL* U dJL^= I ij 

Z JJ^><-1 Ljjlj-* i-i!j^ejJI IJlj-1 4 ]n7t\ J^>-1 (j-« .4-jJLi-u V dtjL^a Ij! Yj_a^ta oL>ol (j n^— if j 4_L»-_a-a 
d^L^= lij Zj^^a oUJI j-^- 2_j Lt^^a W C^L^= IjJ Zj^^a oUJI 4- W 4^L^a 

. [UVW] <l*iLI jjfc LiUj jj^-^j j SlalJ jaL Jj-aVI iU;'. J,^'» (r- 

.iJjLala Lufc Lj>L>JI (jV Cr l*XI (jurt't (^Laju jjfcj ajjL>J,l A_JL>JI 4- l£^ 4_JL>JI ?J^ <L*lLI I jufc (jj^-ij J^s ( J 

.(13-1) J^ A ^ clUjJ Jlla U 













] 

+ v 




^ 
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4*5^ 


s^* 





"^ 


;>^l— .- 







a fOjjJjJ <JHa (13-1) J^— » *■ 



I r UaJU! ^ o^l 01^^12-5-1 

4_JL_uJI aLJ3jVI {j£. jjjl±$ (J-U^jI J ^_i-ujJ3 (j-U iL3e. 13 e.L g f*L3jl AjM^J (_, J * ^~~i 1 1 ^1 talll ^_ ^j" mXI (JiiAJ 

i^pej^aJI jljicVl 0Jub (jr «^ u 3 tCjbaluJLl 4- .(10T) t (111) lLUJJ J Ha f&ji\ ^JLcf ^^; i^pej^aJI 

X,Y,Z oLsol 4_ jjl^ta 4j}1j (<u-ujj (Jj^al <LLaiL) CM^ Cr° ^i * lij" ' " a fi-^J Jl eelj-2J -j-Lj-o lIs Lu I Jl»- L) 

(j ■■* * ' -x-us^ja ^Jb I -i ^-— i j^aLse-a-U 4_L>-^aJj CjubLsoz I La-il J > jj' : ~~' "j (11 - 1) J^~* '"' ' 7 e - t * 3 J' J-* La-^= 

.( _ut^3LoH (jL^=j^l iLuLati tj-u (j^a 4jjI_l1>.I (jj^-i"* 1 ^ J^-a^l iUii'i Lai .J^-i ulII 

kAi. jj^a oLjIlu-U o*I>3 1-2-5-1 

'. 4_tL>- (j_« ^j" i ii a SdljJij 4_ULl)I ' " ' I j la ■«- i < *-pJ 

.jjLsJkl oL>oLi lal ii"i~>-zl *_a i^j^>-l (J-*i3 I iLLaJL) jL T l -v J (J^-aVI 4 ]nrt'< \ j-aJ ^j)" mil (jL^= Ii] ( I 

tjLpcVI '2— Jl>-^?I x_a jjL>J,I «_a « Ul S'tl i U S\ Jl>-_4J (<_! 

.<ul_$j VLa £_ ji_^=ij «_LaLalII JjJaJiJ (jLa ^jTn.u.a.11 Ljjlj^a jjj>iil (jL^= I Jj 4JI (jy 2ta-i (_£J|jIl!I • 

. j oif^i jjfc 4_)Lgj zLa < s^JLiLa (jl 4J3j_x_a *_a xJaUlLII lLsLSj < ijliLa _L>-jj (77 

at ^ Jj^^tl! cd/iAa ,>Lz 4- ^J^ 1 f ^J^ 1 VLH^ Ljjj^-ob <j!j= lij (j 



j^> k j X jj^>I JjLaXI J Jul! I jjfc h lL-l»- (hkl) (>upl J (>L^jl '£- 



I jlacVI 






.(14-1) J^iA 4-oUjJ aJEuI .Z jj^JI JAai jjuJ!^1 ( Yjpa JjLUI jjuJ! 








^ 



4S 




=iLjj-i,.. q lt iJlaf (14-1) J-^, 8 ;, 



l_g j" i ii a *j-uj2-2-5-1 



(011) Jiiu^l 




i_gj"i i n a f«-<-uj-I (_Ji-L« (15-1) ( J' i — i i*ri 

: ^jpuuX\ aj-uj 4- *_ilLiJI <"«|jU-^t| » Jo La a jLc 
jl jLSfcVI ^ Jl^VI g-a (11-1) J^ ,t, 4- La^= JjUqij JloVI ilaSi jijLkll^^ (f 
.JjLaVl ilajij Ct-LiiiJ *_a ^inVI CjLfcbol j^jfc jjLe.aU 4_l»-jJU CjLfcboVI 
J^ssja f^C A]n7i'\ .jjLsJ.1 ( _ ;r Ll ilaLaJ Jju»j «j .aLJSjVI ojufc eJolLa Jl3-jJ (hkl) ^jlmXI O^ 3 '-*! ^h" 1 
C^JL= lil X Jj^ta obol 4- Jj^"j ( a ) CjI Jl>.jJI ,jj9 1/h jl J^laj Jj^s VI 4 La aj foe Juljj X 
JJlJso aJLjIsJI (J-oAIj .4_JLu/ 4 OJtitl C^jL= Ij! X JJ-=" oLsol (j n^-if OJ)^~~ '" J ^-^J-" "Li-uiJI 
<_^l!lj Z JJ^e-a (jr i£. j Jj-a VI 2US< ( j£, (a) CjI Jl>-jJI (Jjs 1/k Juljj ^^lllj Y JJ^e-a (j,!^. JoLalll 

.(hkl) igjiuiXI ^ Jx^^ti! uLsUill oMj J^i .J^Vl iki: ^ (a) ol j^jJI fo* 1/1 ju^.3 

/«jj/j_i j 1 o(j 7 j j (_Lu<aj j (j-Ujj>.VI ^"Viriitl JJljso i Ij-fljLa (_£jL_uJ jii-L a CjLuI Jl>-I i^Jl»-I (jL^= I ij (?T 

j fl <^<i I (JjLSJ,! jj^e-aJLl Cjujlj^a I i j * a 
(jLjjIjJ (jLLai>. l(jia ajj/j-i J <LJsLiJI 4 Uiiitl JJljso Ij ii tr> 1 0(jia (_L^= ^jL-uJ (jLjJjl Jl»-I dJLufc <jL= I JJ ( J 
.(15-1) J^aui 4- Lgj" ' " a ('-"'J- 5 J^-° -jL^^J *^Lail jjL>^' 









ub^mt j uL ^U iJ 2u>l)l &L&I6- 1 

4*lil (j-a jloita J_ala *-a x-LLSli ^^jJI CjIj jJI jLLaJM JJlC = 4*21,1 A^Ti^ 

0.408 nm (a) ^ui.fl c^£ jl o-alc lij ^^JJLI [110] 4*2U ^12^= ,.,,,,^1 : Jlia 
.FCC paJ (j-a (_xj»>jJI 4.iL>. jL /aJUJI «_a I juk (nm =j2a ^Jlj ) 

. FCC Jl 2- [110] 4*2tl ^^ (16-1) J^i : J^J! 



^w 



/ [no] 

r 

FCC J! 4. [110] 4*2X1 (16-1) J^=ui 

A/2 a = <LxaJI jjj jjI. 4*2aU jl2*II JjIaJI 

1/2 + 1 + 1/2 = JjWI I JLA £* J.LL223 ^1 CjIjJJI jUaSt JJ^L 

2 = 

2/V2a =4^UI iili^a 

Sjj / NM 2 /V2 x 0.408 



^La-cla J^J Sj j IP" X 3.466 












^gjluJ, 1 


(> 


sjbi- 


^L^ 


C^ U^alj^ 


^Ij2 


^ 


oljJJI 


JJl£ 








i^jlciJ, 


^ - aj Liiai ^ 


-L^l! 









- ^ jlu i X I 



0.304 nm (a) 4_^=^ui c^>£ jf c.Jr lij (j;,,, T r,it (110) ^yi,„jt ajjjji aft^tl <.,,.. -J : Jlia 

.KCC Jl f-jj (j-a (jt j4> ^ i ii t ("t I 4_JL>- 4Jlj 

.BCC Jl U± 4. (1 10) ^jiuiXI ^jj (17-1) j^,i, •. j»ji 




BCC J! 4. (110) ^ji^l (17-1) J^=ul 



■J^— 1 i"itLi Tcjisj^a jjfc 1 0^-1 a cLiij^l j V 2 a 4_JjJa (J-Jaj ■ u a ^^ ^j" < .1 o 1 1 ajLlieJ,! <L>-1 1 nt,l 



V 2 a x a = SjtsiXI 4^LJtl 

V2 a 2 

4x1/4+1 = i^mUJufe 4. oljjJI jj^ 
2 = 
2/(V2a 2 ) = .jjiuJil ^li^= 
Sji /nm 2 " 2/(V2 0.304) 2 







Sji / Y r 2/( V2 (0.304) 2 )x 10 12 
. g+AjuAA J^J Sji 1.53 x 10 13 

e^SJI ^LiUi ^ ub^mij uL^m 4UU, 7-1 
ol4*2XI iiSU 1-7-1 

^l Cjl£=l2]J ^yA ^ j ♦ £r» t , | aliaiJI 4- J S-Ji^j jJi I j-.al-,^ £_ 4Jj| ,.,i"itl <"<! j-»"tl ^^ Ljjji£. <-<! j-»"tl aJLjLc 

« [010] < [ T 00] < 100]] oL^iil kui SjLiVlj c^jUl ^ jJ^I o^Ju oLSI jl*.VI ^ LJ 

... [[00L[001]<0l0]] 

CjI^-t'U J^= (jl (_$! LjIjJ (jj/ljlL aJjLU j-ajJ .aJLjLJI (juLftJ (jj« ^^ cP^^ 1 J ^Jj^' ial!i^=JI (jHrt*) LJ 

.<100> 2U5LJI ^ aJLLJI 
cLyiMill 5J5Li 2-7-1 

obglmJJ ( _ ;r <k ^it^-it.1 *Lla-Ljl IL. J 4jj jJI LfiJsY''^ IL. AJjLcultl Cj LjTll.uA, I ^^ Laj a f oLjl^uil iJULl 

< ( I 0Y) i 210) ) ciLyiuJtl kuia SjLiVlj v-u^Jl ^ jJiUI ^Aiu oLpI jl^VI a ^i LJ <^l 

... (02 T) 

.{120} jjfc Lab aJLSLsJI j-ajj <UjL»JI (j-oAJ (j-o (jr #3 ^LlIL) j 4jj jJI a'al",^— tl j„A*. LJ 







(jjjj L^J- 5 - i ^ LC - J *— '^JLHirP J < — '^J^JLh 1 3 ^jLJj>1^=lIJ (j-« ^J^' CjLu-uL-uI a Jl»-jJI i> jub £_ LcJjLu 

j-p-^l jIjJLI 2-olJg/r'^-ilVI 4-ua-a>lj SjJJI oIjIjl>3 Jg-^^JtT 1 ^ 1 - 1 ^ fjj>* (jr^- ^j-^=j ("^ -^b' Jlx J <Sj'^ 

.(jai^i'tl oUg/.^tl) 

jj-Li 4_u_uL_u2l dajlj^JI LlIjLu /<u (^j^p^aJVI x_jjjjJI j CjIj jJI (j"4> dajljjJI (j-u 4j9^L»JI tiilj Ju«j LLJjLu 

ilajljjJI jl iiWi^L Li-ij/jJ <_iUjl^= (<LuJm_a) 4jjJLs iiajljj 4j<i a>L-u3 iiajljj 4-ujj| 4-*ajlj (_y° CjIj jJI 

->lj-« j 4Jj_«tjJ^J -ilj-« J 4_i£jj>. -ilj-« Jl L^»j-m2j J 4_u_uJilJI -ilj-U lJijjjlLJ LaLb ^L>-JuO <_lUj <jL^= .Aj^jLjJI 

LgjL LaL^cj ^j-^ >M Lj>L>JI dilj juu LlIjLjj .L^la J^=l! LoLjJI ^^^l i^i->1l jL-oi>.L LjJjLu j 4_Jjm_« 

HCP, Jl (j^J l(jofrf llmj^ /<U S-iUI jj^-— 1? 4-i£.lj^]l jLtl^l 4jMj ^ jj ^— "." CjljjJI £ya icjji^a 

5£>U]I ^aJUJI^oIjJJJ^Ll^I jjuJI (<J ,3m,ritl jjuJI Jla^.^M.^^^t Lb^jlj BCC, FCC 

. -»L>OjVI J^sLta j 4_lL>JI .iLtii j sj jJI jial ( Luaj (jr^J 

AJSjjua j 4_lL>JI £_ ^ j o ■ "J 4_uLl^= j 4_lL>JI ^j^a L$j*ljJ2 4-ul±£=3 J AjjjJLJI <*il j-»-"t lj CjIj^", lt \\ \j-l>-\ LlJjLu 

■ Cjl(j-a-"t,lj CjIjj" i nU Cj^LjLc i—ojjju /<u CiLjj" mil j Cjl(j-r"oll <Uj jJI ^al'^-itl 




ijjk tijJJI -iJuJI (1 

.2jJJ! ^_ oli^j^l jj^i + .-.iwjy.^Nl jj^i (I 

.SjJJU^^M jIjJLI ^oUj^^J)?! jj^ (^ 
: jufc jjjVI (3 

■ Cjljjjjj-l ("ij i ri"i^->l j| CljJia aj^ (l 
.oLJjjjjj.) (j^a JJ^=I CjLJji^^-U L#j Sjj (ej 

.a\j JJLi s^Vl oljl jdl L^ ^ >b3 il^lj yA ( c_j 

.4-UjuJ.I 4_kj|j_!l (JjjLjjI (^ ( J> 
:4-L»ALml!l AJajljJI ^ylg. J 1 U i" QjVI J-»?^l £y> ij] 5) 

.AJ^JLHI ikjljjl (J^/LjjI (_yA ( uj 




.£a}L*£. cjLIjj^ ^ SjLui ^ ( £ 
: jIj-o ^ diLiijjkJ! 7) 

. Sjlj^Jl 4jjLl ( I 

. ~l;j^" 5J3Lc ( c_s 

.A_ujjI i^ajljj Oajj^pj l(j ot^t a ( r- 

.j^=i tf jJI J^= ( J 

. A_ujJl 4_Laj|j_i dajl^jj CjIj j ( I 
■ £a^l <if CjLjj>>- ( 4-! 

.4ilj_l Jilj^a ( J> 

2 ,^A^-tl Sj|j^>J| CjLj-jJ Ju£. aJjL-u jlj^J ( UJ 
<al a ui -ilj-« ( 77 

:^a uujji^j^yiL^UJijsf (10 

. BCC ( l 

. HCP ( M 

. FCC ( s 

.<£> « M (J 







: < yfcUl*jjl4jjL>.yiL}>UJlj5^ s T (11 

. HCP ( ] 

. BCC ( M 



.FCC( 

•Or) «(I)(J 



£ 



:^ ^,„r,tl jjulJI 12) 

.LjliJI4.CiljMl Cf l*nll JJL*1I( f 
.Ipui Lr ^yCu Jjl\j Sjjl! oLhR- Mj^ ->^ ( Sr 1 

.ajujj sjjuai oIjjji ^ ( j 







fJj ^ L u i A J^Uj L7 hL^ja^\ (13 

.(2.5 11) (I 
[121](m 

■(Toi) ( ^ 

.(1,2,3,) (j 

: 4^La Jlw (^L U-4^l (14 
.(Oil) (I 
■(2,1,1) ( M 
{311} (^ 

.[101] (j 

« <1jLc Jiuw ^yL Lc^a (_gf (15 

.(012) (I 

.{000} ( M 

.<103>(^ 

.{112)0 




-g^'igip ll 1 1 ijt'i llq -c^'in li p il n'i 1 1 tin In II niiinir|oll 






*\$*fil£ 



Ai\t^\\ jjjJLl 4- C_JJ_IaJI 





a , U» ^ * 1 1 ( sa_L*JI /yic ' a <JLJ] | • 

a !■». tt . ,.t l < ) A i» t l (_lc ' A )»"it l • 

.(oLOLioVI) A-tk^Jl c-i^l ^Li c^jlUI • 

*^ ^< i ,„ti .~ i ,tu?t i 




OtfSM 









J 3^(£ 



wjisjj .oljj L^J Jl>-jJ ^? ^-jLs Icji^—itj CjIjJ L^lS (jj^-»J (j' L 



SjUSrtl C-JJ^I 1-2 

/J] 3_}Lc p ' ■■ 2 " * i9_4Jt_J > aJJt> 

.Cilfil^ill 

3 -i — 2 1 , 1 cjljJJI 

.A^jJJ\ OljjJI ( £ 

ol£l>J! 1-1-2 

jL^= J^— t al £>£. »jL^- 4-taL.ajj ^^ 

. £1^1(1-2) J^=ui 




i**jai cilj JJI j ol&lj-ill (1-2) J^=ui 

ln\ JJI i**all oljjJ! 2-1-2 

Tcjisjj - 3 - 4 - u J jj^aLal 4- i-^JJ (JV ^jtjjVill l(ji^-iLat 4- ^^J-J « l(ji^~i tj J i.-m*1I (j-u-ij <j-a Cjljj ( _ ;r ii> 

.cjIjJJI oju* L^jI (1-2) J^i 




OtfSM 



LujJl\ oljJJI 3-1-2 

JajjJUl (j-a (jAiJ j^Ijj (jjs JlJ^? ^^L-u^I j i^ittl (j-a Cjljj ^^nLaf AjJIJljI CjIjJ JlJ-Ij u £L -<\ .AoJI Jul 

.15% ^Jlajj ^? j J-JJ3 4_ujJl!I CjIjJJIj ^,-mL-uVl j i^iittl 4- ^b J-Jl jllaJal jyu Jj>aJI UJ'^-'J O^ ^ 
■ LgLuZLa (jal^-.".tl ,-,r,j^"^Utl jJl£.) jal^_-,tl jj^j (jl (<_s 

.ajJl>.jJI 4_lL > JI f-jj (j-u-^-i CjIjJJLI (jj^~»j (jl ( ?: 

dlljjJI <j-U 4-l1li j^aLal 4- Jl»-j3 ,_£jj>. I j-i-a Lj£. (j-a ^j'ji (jr-^J *£2>*^ ^ -i — St I dlljjJI 1 tjajl tiJLufc 

.a_lII jljVI cjIjJJI j i_JiljjiJ1 7^5* (2-2) J^-t A .<_uljJu]| jLpoM <>aj/i^-> 4- ^'j 1 -^' 6jJb cr^-^j 




^>M iilji j 3JI,i£l Al jSlI 2-2 js^s. 



jUaV!3>t£2-2 

ji_a^=iJ jLfujJ'i?! f IjJI (J^J-ul • i^>>-l jlj-a (J^L>- -ilj-a (JLSjjI <Ll!T L^JLi jl mm'^I aj-iiiLIa lJijjju ^j 1 ^ i a ' 

4- L-LiaJ M-g^-u Jljj Lo 4 i^-it j *j>«j^ jl uuJ^I -il jjj j iajJiJI 4- TtjIjjJI JLSjJI Jla AjjL«-II ilUJI 4- 

i^aj^. QJ^" 4-iit^JI 4JUJI 4- 2 1^J^ cJa3.Vj *La 4- U^ I J !M-jL-u C^j lij t-dJJJ J Ha JjIj-lJI 







(j-a CjIj jJI (jJaijJ 7t a i nj LgJtJalj a (J_^>- CjIjJJI uj JljJj ^j^— l?j ijjjJI tiajljjJJ 4^e_jjj JjjLjJLa CjIj jJI 

■ l^aUT SJIajyi oljJJIj cAAlj^Jl J^LI3 c^* UIjuVI oljJJI j olfilj-iJI LJT (I 

.jjLseja ( _yl : u jt^— ■ a Jl ( _yl : u jl^— • a ^j-a sj jJI J *" *" L^j^ j (jr aL*J22l j\ ifulj^l 4_J| (uj 

jl^il 4- jLili^l iJTtjLa Lajji^. .SjiLil 2jlj^ ^j-> ->LpjL> -*j>j CjIjJJI 4j=j^. (jLs ^llILij SjIj^kJI 

: (jyjlij l(j/^ >JjJ <J-a '_ a£ - ^J^-J ^J L"- 141 J <LiIqa2] I eja-iaJ I (jyic J-a T L t j 4 j 1 1 ^> 1 1 

.«jjj^= i^jjij jLilJ^I j>lj SjIj^kJI i>.jji 

jLATuVI aj^fcLLa (_^i£. (jyiax. Jjjjk"' 1-2-2 

(ji /<Cl>iJ icLLuaJI ' ** ' I illall^fl ' J-uaJl ^j-a ^^J * ' a (J^JL^ L7~^ jLAlijzl S^jkLLi ( _ T lc- <U-Ljjl] I ClULi JaUll Jl>-( 

4_lILc AJLla jj ^La^Eja (jjjpJI (jj^-tj D"*- 3 - 4r ^' ^~~'"' > -^' I <*jL^ (jr^ 3 * - ^r!^^ 1 S J^Lca I j (jjyjJI 7r Vi i u (jj^~»J 

4_JLt£. «U |_£j^>ij /«_! 4_dLc 4_iLLa (_£J L-Jxa ^j-a (J^O-^' ,* ' ' a ' ' a '^~* '"' V' i>JLJfc (jr^- *— "*-*" J ' •■^~~''' >_jL2j ^Tl^- 

(jlj^l 4-(J-"J>^' J-^J^ 4_JUj«JI OJJii 2— .AjjliJI 4-bj^— i tl Lkj^jl/I 3j-^ »^*J AjJLjjiJI tfjufc /<uJ .i_flJJLa Jjl i^-i"< 

j Milirf ^-"-"j *J-^ ( 920C t33^^ 4jua3j_a 2jlj^>. CjL>-jJ 4_ A_u_aJj^= jj jLjjb CjljLc. (jyic ^jIL>o 

i_3jjjlI,I (j-a 4Jl i^P" a S N ^aJI ^L^- ^f^J^* - ~ A ~" '}~ jj^~-_' J 4JL>-I J (J^jjj j (jj^lll •* La ■ u (jyic (j-a (j^jj-^JI 

Jl <n"nnl j| (_3-Aj Li-* OaLii 4ik>-^La tllLlA .AJLUI <LJLc 4_JL>-lj <2xLaJ 4 of Jua d ^ L^aJI 4_JLc ^—U,„ 4 rtjU 
j^t£.J I Jl»- l^Vi; tiiJi J^»J jLfujJ^I (Ja^-J 4-bj^-itl 4j>.jJ (yjn^aJ JSt »j'j->- CjL>-jJ JU£. (J-yjJI 




OtfSM 



foh»itlujgll3-2 

ig jIL-v j Lg-La <_L^= ^Ljj J^-i mi (jr JLc x_<i^e1II '£— I Jljj L4JI (jr i«-<w J_^V^' 4r '^-^ O^^' ^'j- 5 O^ "^^dhP 

I j] _r C^O 4_lL>. CjI Jl>-j «LlC £lj-li i— t-U^jJI (jl (-JJLAJ 2 jUI £jj *_a j ajj *> -i lall * a <L2jj_Iaj 4_uj_« CjIj j (-r-Lc 

.LIlLu J>J>j1II (jj^~»j Lajiic. Jij J L*J><-" J^>-P^' jL^n Ijil cIsLj^-l!! JiJlC -il-ijj .}Lla FCC aJ>UI i_UJL^= 

. jj-LiTlI I 4_lLi£. tclojj (3-2) ^J^— • ui .dlLu-ta. (ja^=Lil Cjuj-liI a-a-ij 




j^LpJI 4jU<~ (3-2) J^ mi 



7T J-T 1,-lH jj^J .ajjj^-l CjL l -L L> . £LJ-<_I g.^ Vljtl JlJ^JjJIj aj. _ L t .L g CjL lJ - UW J1JJJ *-Jj_LuJI Jj^JjJI (jl g-'li" I III I_L|4> (j_a 

^jLa oLi-ll>JI (^^Ljj LoJllC .,_£jj>.| JJ 4_l_-l>. ^j^a i aJaJ&a c-t-upJI <>L>JI (j^=J j Jl>-Ij c-t-upJI (J-iloj (jl 
l(j ojl^i" ^_ 4jfcjjlLa j 4-fljjtjLa j aj rt" < u a j-lC tt j 1^1 ~ j LLajj/jla Lil^— 1 a Jl>-G Lg-Lu JijJlj>JI (jylc (jyJ-^ clsljjJI 
(4-2) J^ 1 — u< S_-»-U...tl L-ij-LtJI (_, <i 1 n" j (^La^-VI ,_Lta j 4jj.CJI JjjIjjl! 4_ajUia ^^— 1 Wl 1 ^«,^f ^^j 
.(b) 4_uli<JI ^?j (a) Jj^l 4-lll>JI *_a (J^ll! (c) ula-Lujla (j\^~> a 4- <jr^ -IjJ^-JI (^Ic CjIj jJI *-loJ 7"-^JJ 
(^JLc (Cjlj(jtM,l) (jiaU^^I x_L3 j JuLc .Cjljlill Jg-^Lt-L^I JijJls- JlJJ^>o '4r Sj-^LtaJI ojuli jj-a Jil rt" 1 nj 
Lt>j-LLaj (>^=l4J 4JLa (^LlILi j CjLi-ll>JI JjJl^ (^ >L^=Lj jj^aLa^l j-l^=i 03^=^ '(J-SjJLI o Jul ^ J-ia-Lu 

■ j ^ ~^ 1 1 C^>o CjLLl«JI x_lo j JlLc 
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K 


■■ — 


J 

! e 1 


1 



oL.u.->Jl ijjo. (^yk. oljJJI pj^ij (4-2) J^-iMf 



UfciJll oLaUSVI ^^l^iJ! 1-3-2 
^LUL. j s j^.iyi SjjUJ iitiai oUUJ^I 4 a-jjjJI atSgall L^>b^l a^jL^JI s jl^jJI ^ Lij^=i U^= 

<j^i==>_) CjLbL>iJ zl «_L4> ^- (j-^l^-iJl i La i uaj a <j1 4_<£. pyjJJ L<i_a CjLbLjso z\ <ji il a i ,u£ (CjIjjJLLJI) Cj Lu-ukJ I 

• Ljjl i n"a LjJijJJj 

2utttllu£tt}|4-2 

(j_a j^-Lt^3 LilLub C^jU= La *£ (j-aj (jjUtJLl Jj^— i i"u I Jl>- i i< i^tl ^j^a (jU=aJ <i_Ja-L*JI oJub ^j^— i" joJ jJ 
IL. Jaj. J_a-»- CjIjJJI J^l_al QJ) uH CjJl>j i±^v l5J_^i i_i-1£ 4JI j^^il Laj.»£. p^Lso^l <-2>*J .CjLcLu^iJI 

<>8 I=JL^ oJLLa u5^=j aSj er^UI £}LioVlj 2_L>J! £>UnjVI Jj cjLc>LW)VI ^..sri .SjjIJI 

(j^l SjLiC J-* J (5-2) (_L^=uiaJ TcjisjjJ j_ib 1 -1^— • J. L>J I ?-}L>J^?l (J-LLOJ (jyic. Lub j LalLflJ i_3a-i-u .(j-LC.}L>J^?l 
pMiso^LI j-ajJ .ajjL>J,l CjIjJJI <L>.lj| (jJx. J-aJ«J j^3 ^LlIL) j ^y^u (jU=aua IL. aaIs CjIjJJI (j-a ^g jTm^ a 









^iU^SiJI 




^UJI £>UaVI (5-2) J^i 



oUM^jVI ^=j^ j iijjUl 1-4-2 

CcJvj ^j^— i a I jufej «jjj^= a Jl>-Ij sjjij (j-« 4_uJm-« *_La£ <J-«-*-J <UjJlL!I aj-iblli <L-ulj.i g.L<a-LtJI I Jj .SjJlJI 

Cjlj^Tu-u-a ( _ ;r Ll CjLJ9^?JJ| L$J CjJj>- (Jj^aijiulII Juu 4_Ll<JI (jl Jl>-j Ju.it I jLiTl>-I *lj-»-i J-t£. -A-i-Lt-a i_3jjii 

■CjLjj'inU 3X>^' J-^J^ (6-2) J^-i mi .(^JjIj L#^ CjLjjjj-JJ j a Jl»-Ij sj^Hj LgJ^) 4-i.Lt.a 




oLja^i! jVjJI (6-2) J^-., 8 ;, 
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IjLll I i|-»itl (jl Jl>-J .4-lU-<JI JLjLllILl L^jjjLLa J dlLj" I nt, I Jj^j - ^ '-. '.' ' "" (JT^' J ifuJI SjJS <_)! I il~>- «. LjJLtl I -iljl 

(jy ji> J a JljJl>- 4 Jj la ' J LiUj Ju«_l «.LaJL»JI ^1 .4jJUj«JI TtjLllII £j£. i_aLt.ii? I a j ifgg (jjJ ^-!j-5j La JlJ^J <Uj_la-Ljl 
: (jy L L a-L3 l(j i^VI t j L^Ja-mp j CjLc^LsozI i_L!j^>o <Uj_la-) 

.fM->J^I i^=j^ tjUU^a 7BJ-3JJ (7-2) J^-| mi 




ol^U^N i^p. (7-2) J^=ui 

t-Sljia^l f^C j 7i~ ( n j (_,^~>t S-MJsoVI lLIjjxjj ^_a2JI jjjLI CaJ 4JLa /<u-ujJLi 7s-iis_ava jjfc 1 o^-> (uj 

■Jj^-i.V.lt SjUI JuLIS ojl) LU^= J^l ol^MioVI i^=j^ c^L^= Ul^= «UUj ^ULj 

i AJjjJ JJ^=I 8-iUI (jJ^->" ^LtfLj S jULi ejl>>- ^J-i a-iLjj-l 4-lj) fl m CjLc}L>J^I 4^=>»- Jll^jjj (til 

.LJLJI Sjlj^JI aLvjj 
.CjLc>L>jI jJjj SjUI (^ic ^_o^JI jjjLj (r 

■(jiuuJI l^i^-nt 4^=p»J LajLi (jj^-»" (jr^ dsLc^JsoVI ZJsVj^a JjJj La JtJ£. ( J 

(jLcMJsoVI JjLSjj La jJc .(8-2) J^— ifuj Tcjisj^s jjk 1 -i^— j^>T LcMJjoI p^L>jl ^ aj jJs ( -& 



*uayi (8-2) j^i 

.La^la J^= (jrMii >LaL^= ^ji 



a (jljj^-ij La^jLa t J^— i i'iJLi (jLxjisjJLI 







oLcMioVI i^>^ 4- jjJj tpJI J*l_a*JI ^^ 2-4-2 
:oLc.}U>oVI 4^=j^ 4. j3j3 Jill JUyi J^I^JI &a .SjM^> 

■ CjLlj-l>JI («-^=->- (i 



kUloLU^O 



OUipJI ^t^ 1-Z-4-Z 



jjUl JLc J^xAUl 2-2-4-2 

l(ji>i^ 4^=j^>J Jjjl^ Cimjjj UI^-IJ jil^af CsLc}L>jl CjjJjJ -ijLJI (jyJLc Jj^-iMi'itl 4_lU.£ OJ>lj 1 pl^-i 
.LgjJ^Lua jljjj j J^^ 1 — ijLlil SjUI iajLla Jj)3 -ijLJI (jJLc <J-L^=uiilJI 2-iLjj *_a 4JLa ^LlILij ^j^»jtl 

ijj^ oljj iflLbl 3-2-4-2 

jjfc I Jl&j Jj^auiiLI aJiU.1 LajLla ^LlILlj CsLc}L>jVI 4^=j_>. Jj^ L4JL3 aJiUI (J\ ijjjji Csljj £aL%bl JlI£. 

.J-L±^3 Jl»- Jl Jj^-I Ml" II SI^IH 4_uii!l (jjL»i.l <j^ S'.""tl 

^l**sJI ciLW 4-2-4-2 

(jl_L>.| /y^J O^jJl ^j^a S^J-dJ Li i 1 ii i 4 « "~j a 2jI^j>- 4_»-j.} Coo ajLil ^-J-^J (2>C sjLlC ajLc ^-ib ^-LaJteTd I CjLiJ q g 
(jj« Lij^=i U-^= t ill? ji (^ylt-a^ -ijLJI (jr^- 4 l^-i Mia Mia SjUl CuL4= Ii! . LIlLli JlJj-<jJI (jj'^" l J ih£^= 
4-Li.t.a 2jlj^ CsU-jJi Ju£. j-uiiel!l J'iC .oJsU.1 AJjjJ <j-a JiSj ^jJI j-aafl CsLc}L>J^I A^I!l^= SjiLjij 1 JjJS 

4_ ^-u^jJI cjLl^VI jl>.| .SjUI iUjjJ jjJ3 (^LULi j ciLcMio^l £aliL^= JsiCm^I J\ lA* ^ cJdiiJ) 

CiLcMio^l lLLAJ j| Jjj LJUJI SjIjaJI CjL>.jJ JCc 4J| jj4> j-u*iel! I Juu oLc}L>jVI ^alt^a JjiLaj 

(jryi-a Jcv JJ j^LoielJI ajlj-a- i^jj SjiLjj Ju£. .*l_La^l Cj^?Uj^I ajLjj Jl tj^ 1$'^ J-a^fl J^=^ tl!>»JJJ 

CsLc}L>jVI ^^— j^ J^xi" J CiLi-LLr>JI JijJls- ,_Laj ^LlJLi j oL-LpJI j;^— " (^j^V ajLa (j-a cJjJLlio) 

■ CjLi-l.l>JI («-**. a jLj J I j",'al",^— JjiZi A-Sjj-L q£. ClLc^LisoVI AJjjJ JljJj j-^aiel! I (jLa ^JLlILl J j"'^~- 1 

.^Li^= Ijj jJI oUUJVI jii^=I 4-j 4^liL^= ajj jJI oLji^U J^=] '2- SjLc oLc>li»o^l cdj^B 
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r*i\^ c^l^\ j ^Ljiud\ J^\ ^ <110 > , {111} FCCJ!^ 
.^li^ol^Uljc J l i9 iUI>i^=l (: ^<lll> , {110} BCC JI4. 

a«lj2M5-2 

J^— 1 uU TctijjJ jjfc 1 0^— > (jyix-a 2I oLsozl (j_a a lj_a ejj 1^^^ *>^' ' Jjk ^>LaL>uI (jj^~»~ da> j 4- i . ua ] I 

.(9-2) 







A 


-aljjJi ^jlutA 





























UjU! (9-2) J^i 







3j jJI ^jli^a (jr Ll jjfc La Lg_La jl ct~J»» 4 jli^tl -iljil IL. 4^JlieJ,l uj^a-Ltll 2 Ju»-_aJI ojufc IL. LlIjLu 

SjjJLJI ^jli-u-a (jr ic ^a^Lt! <-lUj Julj Ltiajjj . jLfujjVI 2j_<kLIiaJ LjlcUl VlfLa Ljjj_)ij 4-dLjJI jLfujjVI Sj_4>Llij 

CjLajjj>JI jj^~~ '"' J J-aJeTiJI *LJ o<* (jr^ 1 s-J '^^ ^ '.I J CjLi-ll^JI JijJu*. (^yjfc J S-t^eJa ■ uJI uJ_ajJ«JI (jr a-i-uJ J 

(^ j ^Vi-^tl ^43^^ ^'* ^ Ltiajjl .iaJlisJ,! oL&Uo^l 4- aJiUI ( _ > ^l_aj>o Ijufc 4J3>Lcj (Cjlj_aJLII) 

oLcM^I ^=j^ j 5 .jU! IL. Jj^-. ,t,-.1l cjLLui <^> ^1>UJ! j ^jlj uiU ^ L^il>i!j oLcM^I 

jJ»JfaJ (J ^£. »j)<^itl (_>^JtJ LLlHI \jj^-\ .CjLc^L>J^?I 4^=j-»- ( _ ;r Ll jiijj ^yJI 4-oLjJI (_La1_aJ«J1 (jiaAJ LiljLua. 







djU^lwjU^I 



-* J "J^ "*-} 03^=^ u' c 



: jjfc flj-aJI (1 
jl^= ^j jJI crtjspll £. jU^ ( ^ 



:JL»V4Jli t -uiLu.Vl j 



-ul ajj (jl^—i a OJl>-I jj>-I j i^iif ^j^a ajj ( <_l 
• 4-lLl) sjj ( -r 

-aJuJ! <>a Sji <j^ 3ua ^1 ^i 2 J^ ^^ er^=J ( 3 
.AjjLala jLLaJS^/l (jj^-i"< (jl ( I 



.loLal! 4ju2Jj_« SjIj^kJI 4j>-jJ £ 



3l)T( S 



)!(. 










J! c_.j^! (5 
.-oUI jJ^ ( I 

.cjL i -l lj JI jjjo. juc. cjIjJJ! ( £ 
■4-l1llII cjIjJJ! ( j 

■j(ji^iiU IL. Jj^jIII ^-j-" ^Lj^ ( ' 



.AjJj^I aLi 



vl iJaLb! ( 



£ 



:-oUlc^L^cA^}U^U 



uL^UoV! 



^>. aJ^jji Cjjlj 1 fll^ ( 7 

j4^uJ (^jJI J^al^JI (>9 ( 8 
.-OUI Sjlj^ i^jj ( I 
■CjLi-liaJI JjJljw ( (_! 




-g^'igip ll 1 1 ijt'i llq -c^'in li p il n'i 1 1 tin In II niiinir|oll 






*\$*fil£ 



(^jlj^J! olj^VI CjLklaitcj 4_lJJl*1I dJLjLu_aJl 







'•^^ Ij^LS <_1jJlLU 7T jik-IJ eJla-^JI Ojufc 4_lJjJ JULJ 

.(_£jl^>JI (jl^Jifl i ** ' I la la Se fl («-<-" J ld .!'*.l^""' 4^j_jl>3 • 
.(jiaJj-^aJlj JjjLseU (^jIj^kJI (jljj^l .UUA.« J^lLvj • 

.ijjLilll LiLSLiail aJLJsjJI ijlillj jl^LVI C7 l£, i_3jjtil! • 






AaJUM 



4 jj^TpJI (jLa t^yiq-tJI (j-txLalli! (jLp-^/l (_J£| IL. 4j_ 1 _ u |_Laj_LC. 4_l21II (jjLt«JLI Lut-uIaJI L y*\^~*}\ (jV 

A Jl^-"| ) n" i <Lu JUL/8 4 ^— LJ I I " /, <1 ) rl"< i 4_U JUL/8 Z ^1^3 LLC J jjJUCa ^j-* 3 I k"^'**- jl < -il"-»^ jj.lUCa ^jjO Ja-tlj. ^j^a 

LajlJLaj 2j^L»-iiJlj 4JLlU JlLa 4_LLt.a 4_u_uji2(i> ( _p3lj_C.I_) (jy^ll S-iLc ^^— t-U ■ uJI pi'^" .SjJUjlII ( _palj^. 2L) ^yiliJ 

4^-ijj i u ^ i gjJS ^jjj i^iif (j_a I Vijl^ 4^-i j j i rJI (jj^~i"< JlS . 7tJI ... jl(j i^nzl sjlj_»- 4j>.jJ SjLjjj (J^aQjl 

Laj_a^l 4_uJu<JJ lLLj! j i ntl 4_ . *JI . . .4_u^Lj 4^-i^ij , „ ^ 1 »" *q jj-al_Lc Aj^Ij (j^a tJa-tlj. jj^~~ '"' ^ J ^rP^-'-' 

(jLa ajLc ,iJn>*ll 4_JL>J| 'i_ oljjjxja ji Im\3 »jj'^^ tla^Ll>.VI I jufc Jj-*J J^J aj-g-4-a-UI aJL>J| IL. 4 , tnLxIua 
aJJb {ys J^^=l jl ljL»»lj 1 122a. I jl 4_aLi JSjj-uaJ l(ji>it < IL. (jLijjJI <J^23 ejL*j*jJll <UL>J| iL. CjljJLill 

: lLsjj^ ("ill 
.oIjJJI^^.<_ijL2j(|) 

■ 4_lL>JI faJ 4-1 1 n~S (r) 
Tciisjl] . SjIj^kJI 4^-jJ (jyic J-<VL t J (jLljjJI (jLa Laay^C . Luj^*. Ojijso (jLljjJI (jLs dsjj^uA\ <>Jui> cJ I l -^ I lil 
^g^H.1 jjjuaj] ^ 4-U^S i>-J-i 4- *UI 4-J-f 5 ^' *^i L^jL>. li! .*UIjjjjVI (j-a Vlila jL>.t - 1 u j £s aJI aJJb 

V LiiU^fiVl ^ >U! 4j|j| Sjlj^J! a^jj a ^i jj^ LlJjU IjJj^Vi ^ 4% ^ji^f c_ujj V *UI jLi 
(1-3) J^— iSJI jcj-isjj. .(jLijJJI 4 j (l i*< jIjj3 i 2jlj^>JI 4j>.jj pLajjL) j 13% j" j"'^~- f *^lj| ♦^^"■•■'' 

Jl^so (^yl^e-UI Cc jv j ia-Lcoil ^_ .^j^JI (jLijjJIj aLjJI (jLjjJI tj-u J 1 n aj it-f-w J-Aj (jLijJlII (^y b eJ-a 
jJj^aJI ujjl j_(j| 50% j *La 50% llLaik I ^1 N j -1 a j .ul 4 i—)l Jlo »Laj »La^. c_)l Jlxj-uI U-Aj (jr^ 3 ^^ 

. 13% 4j^o1i j-U^I tj-ajjj^-t *j^ 4- VJ-^ *Lll (> a >. L *- LO *>^ ^ ^ 
(jrjV-ijl-^J^o 4jL^1J| j 4% 4j(,nn *UI ( >ajJJ^-' «■>=- 4- VJ-^ J-f 5 ^' tj-aj-Lt-LO jij^v ( (_> 
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^Vlj ,U! <jL>>> cr^* d-3) J^~i 



jjk«2-3 

j^aLlc. e JlC (jyic L^jIjjj*-! (0-C.J Jt>-lj Jjla <jr4^ V^ ^^ JLi aj(jiitl) 4_ial ^— u-u-iJI j_ii> kiJLUI (JLU.I .(jljjla 1 o^ 



JJ CxxsejLa I j _J-i-^ l-JLjtJ I o Jufc ^_LL<u 



L^aJtJ *_a Cc-^ILal L$j| VI («.La-i_ t jl>.-j^=uj/-3j^£) 

.iliLaVI ojuil TClisjJ (2-3) ^^— • U) .4_LSL^=LXilj 4 Ql III 



( (L, + j&id + tj^a + 



**0 1 



jljIaVI Aj^iia Ttj^sjj iDjal (2-3) J^— i i*ii 

3 (_£jlj^>JI (jljj VI CjHalaitAJ ^_ <i i uJ La 4-ulj.i ^j-a Jj V < 4 ojl i u 4_ualc 4-ulj.} ljIjI j i nil <L-uljjJ 

.4_uLjI<jl LJul i i nl I (_£jl^j»Jl ^jl^jVI '"" l»^>a (jr^- * * J LallflJ (_J^a-u/ 









»jl^_>JI CjL>-jJ Jtlc aj ali mi, I j'j^**N ' (j J "" ' (_j^ll<i-i «Lil_i (_£jl^j»JI ^jl^jzl JaJaj&a l_ojj_*j £ 



l_£jlj^>JI jjljjVI i t-itrifc/a j Jjj_llJI Cj U - b e- La 1-3-3 

4Jal i r < j > (j^J 4^z3_ljjjJJ Jl£>_uJ! dlLti^e-La -SL>oJ £yi JlJ2 "AJLs La 4^-ijj i rj (_£jlj^>JI (jljj^l iU Vr^a p-J-ujJ 

j-jJlJ ClsL-btLa p-tjjj_>j s*Uj J Ij-U l(j^— ^p-l pj Lfcj-i^LLc (jjfl A-oijitA CjL_i£=3pJ 4^~m J < nJJ j-^a illl jl<tf 

(Lkjljlsl) i^ouLijuA] ilL>. 4-J-f»J A^J Jl ^ £ - -idljitXI CiLu^zapll ( Jj>jIL!I O Lire-La) (j-aj-J! *-« SjIj^kJI 

x_a Cjl^-tiuJI Lfcjiic. CjJls- ^jjJI sjIj^kJI CjL>-jJ (Ja- i n" . Jj^jlII Jjm-a IL. ^btSj-iJu J^-i ui JLc lillj jflkj 

j^o->Jkl_a 4 ^-— i j ■ ■ ■■ il ( ■J' : ~— 'j" _a-ffc (-isVI j_o->Jkl .^jJj_a^e-a (_y-Lc JaLSJul oJufc x-iisjj a 4 ^-— i J ■ ■ oJI i ■ - ;' : ~~ 'j" 

(3-3) J^— i i"i.. (_£jlj^>JI (jljjzl i UVt-tt.a p-<-uj (j^ -1 1J JaLiiiJI OJufc (Jl i^ijLij ajlj^>JI <L>-j J jjfc (jy j-ulj_!l 



>«^ 



a *A \ 

"" "" ^ c JL \ c 



A tool. 



B 
'1-lOQ 



Ja^jjil CjLu5ti/a £yj (_£jl^>JI jjl^jVI -t~U-»" p-<-uj ^£>^ (JL^a (3-3) J^-^ ■" 



CjIj-lJTlII J^= CjJu>o 4J| |_$| A-Li^a Sjlj^- i^jJ JlLc jlj^VI iJL* Jl Jj^aj SjUl jf ^^ju LLb jljjl 4_al^= 

.SiiajJ JlJ^jjJI <-J »C JJL*J I jufcj L^JJJl>- i_c--^ I jj I 
iAJlieJ.1 jl_aIa>U iLiljJI 4_lLA! CjLLlC (j-a^tS i_c--vj 4JL9 £ ^jlj_>JI jjljjJI 'UVi-^a J^-i ,~,i fj\ AJSilus^li 

.4jLaU=Lla ljLjI jmtl LuljJ ^^j" (^^aJ 










ijLljjJI (jrCLoLj <jrU.iU l£jL>^' (jl>»^l iWiUcVa (4-3) J^-i mi 



La liiLufc .MJLa (j^LstlJIj J^-ijitL^a jLjjJI t>LLalj (^TLJjiLX (^jIj^kJI (jljj>U JaJai^a (4-3) J^a-ui Jla-J 

lln 1 nl (_£JJI 1 La >< II J-&J Jujjjtlll ilaj. j jji/»:«j.A ^^3^ ^ o^J-C.1 i^JlII ' La -•- ! I j-fkj jLj uaj 2 1 1 Laj>«J ^a 1 nj 

j^— 1 1 1 , ,,1 1 .j j ^—1 'i ( 3 ) a U> /1 *> 1 1 jJjc . Ju$2*lJj6 j jj'"'" jj_a _ CjQ^~ ' ' 1 j *J ' La j J.a^eILa j-lC- -!*->- 3^ 2( 

i j 1 uj JlJ_)3 ( C )< La-S-lJI Jtlc jj'^'" (^LlJIj JLo^lXI (j-iaAJ tiJLufc Jij^=lJ ( D )A-LaJil]| Jtlcj j j ua I ^ I jl*^— 

. JtA^tLa ^^— jj uJI <J^= jj^~" "' ( d )4-LaJii!l Jrf j j 1 a 1 1 , 1 (_^l Jba^lXI 

^Vl iaiJI sj^IS 2-3-3 

. C, b JaLiill j'tc ^JJ^ ^Lla>J d, a £LaJiiJI J If Jl=Jj j_ola tiJLiA (4-3) J^=-ii 4- 



>. I j JJ-La -ij-»-J 1. 



{_ya jh^a] -S^»-J J^Ic . 



: ^ j^kij i_u=%pJl j 100% 0^=2 jijiaVi i^ui oP> 



j (j£. 1 ^1"**',; i^JlII (_^aL>JI 4 n^~>j3 4J Jjla (J^= (jl 1 o^-i J_ala (J^ 3 (j- 4-j-mJ dJLufc (jLs j 
.(5-3) J^=lAj 7ejisj-o J-4 U-^= (jr^^l ilaJJI a Jl£.LJ9 » i m dilj JiUo^j 4-^=4^- 










^Vl Ja^JI sjl&IS (5-3) J^=ui 



- <>» ^ J^d ^^-»J. 



'I J^slSJI Ijuk^. 



jj^J tySaVl JJ^il <>a J-"^Vl i_3j_LaJI Jrf .B,A (Jjij. 
^=>JI (^aj ^Vl ciijlaJI 4. j A l_3j^JI i.m^J ^UljJ B 0% ^f A 100% 4^i,,„tl ,.,i^3 

.(x)<£j5¥l ^ iUjI^ ^ U<jm U .B i-fl^l y"^j ty^Wj A 0% l$1 B 100% 

Xo^jfc (JjI i nil ' ■ ^~~ 'J~ U5^- =LJ 5 J-4-»jJ.' ' La ~-_3 j j ' alt I Jaa. »_a ■» Lai 2luJ Luiiil I Laa. r 4 LaiL J_y3 «-u/j_) 



JSL^JI 4+ 



p 1 u-flJ .(1 = 11+12) J-i^jcTlU 1 La -^ j j j 1 a ' t, I 1 Laj» *_« ^^ VI 1 La ■•- II x_LaLS3 ^" La Sj ^^V 4^1 1 nil ^^ 1 £)J ti~-p- 

(JjI intl ,j-a 4_u^5JI 4^1 i.itl 12 J jLajylLlI jjja 4_ujjij| 4^1 (ll t| 1 1 ^O^l ma 11 X] <_u^=3j3 Jtl£. 4^1 ,,iU ojufc 

. kjilc Ji£.LJS ojufcj S-Lm^=ajJI CjLaLiaiLl l_.-m.-vJ JUjjfclLlj JjL-JI Aim's jjl _;l 






4JUJI 2_ (jLtjJJ! (^JjJl^o j aJjL^JI 2JUJI 2_ jLij JJ1 L P-al3 LTp-^ l^j'j-^- olp' uklaga* 3-3-3 



■ 4 i^iitlj (jyuLstlJJ (_^jlj^>JI (jlj3 VI i ViViAeJL ( _ ;r u^23 J^— i i"i j^k j (6-3) J^— i uu Tciisj^a j_4> I <i^— i Lak (JLH.I 



food- 
v 

J- 

■J 


<* 




£ 


F 


^ ! iiJ 

i 


c 
CCU) 


JO 4 £0 •"< 3 80 


C«3) 



4 i^iiitlj (joiLitiLt (_gjlj^>JI ^jIjjVI tt-il^fieJL < _ ;r jJ^2j J^~ i Mt (6-3) J^— i (*» 



jj^'j 4J>la (^Lu aU1^= Ul .^jIj^kJI jljj^U ^,^ y^ ?~*j j}\ cP^' .UU^tU , U U ^ 1 1 | jjt, <-3>*jj 

aV>7i'<\ iy <i i nl La (j^J E 4_LaJii!l Jtlc Cj Jlj>o Lt, <>Ju4> (- ^-i j" ^— i j"jj 4 ol^— t j ((jjjLx-Lllj 4 i>iiitl ) ^ .''^"'J- ch 
: (jr ikj JalaieJL I I Jl-J CjLojji «JlC dJLLib .LiL>.V 7-j miIL) 4JjI mi i u La I Jufej i d-il^at-iJ^-iJ I 
jLjjjjela J^oLta j_4> O jjIaJI .Qj (3 J <JjL_o]| ^yA j iUU^ei.1 4- S Jy>.j-a jl^lot 4j}Lj LiJLuk ( I 
^yii. jj* j (3 J>^II ■J_^ > -^' I J-* <4- ^-il Jo^—' 4 i>nill (j^a Aj^uJ ^yJLc ^jIjso jjfcj (jj/UtllL {J ^£. 

.4_lS ujI jua (Jj/LtcLIIj 4 i-^ntL) 

4j|j| j,jj^ HGFJaiJI Jiuj U^= ^UUI 4. <Lu*iJl ijli) jjj^ CBA JaiJI Jiu^ ( <-i 

4 tiaAJl 4- (jJiLstlJI 

^^^1 iVi->tl t yi£. LkLuail ( 4<>i^ 4- <j-"L>J j| (_>uUo '4r Zt^ *\j-u>) 4-1I iVI 4j^oJ (jj^-i"< ( r 

.BEG 

j-4> (j^VI JaiJI I jubj .E i]a2J Ju£. (BEG iVi->tl (j-oij (jr^Li) jLfruaJl i^jj JjM (jj^-i"< ( J 

. Jt-a-Selll I 1 Laj> ^j_« (ij-^ 









L$J EGF A-lLaltJj a+L L$J AEB SSU;tr« (jlj^L Jl»-jj ^_p* jLLla dj}Lj l<]La ( _A 
4_b_^=iJ j J_jis (J^ 3 ^t!- ,3 ^ = L^Sf^ fft^J J Q+ p Lgj CBEGH i La -- ? I C<--vj 4 2 La * 1 , 1 j p+L 

.4_lLiL_uJI j^^^aVI iU->1l a JlC.LJ3 (J-uaLj 
^ <} i uJ J jlg^aJl <L>.jJ JJ9| LbJtl£. jj^—JJ (3, Q, L jl^isl 4jMj Lk Ju£. (^ySoij E 4_LaJii!l ( j 
i>.jj Juc CjJuso 4_LaJiiJI ojufc (jLa (JaJaiej,! I juk 1L. (_£ I ) ilUJI ojufc 4-J ' ''-"'^-"j-^ ^laJiJ 

ajufe jjg » t>~." jljUf ^-,\l~, ,<\\;*, j!a l;t; — .V Ulj 2 ,^a, 71.9% i_^=pj780C 2j!j^»- 

Juc (0 JlsJj j^Iaj (j-^J-b i^JJI) CI ^n^ij] Ju£. AJLJSjJI 4_lLl!I (7-3) J^-imi 75-i-ajJ .4-LaJii]l 



) i! 9 mA (i) 




JLs-lj jjIaJ u <j" \\ t£jS\ CI (m^-ijJJ JlIc SJLJSJlt! AjIjJI (7-3) J^-i Mt 



Sjlj^J! cjU-jj juc. ((3, a) (jjjjlaj ^yg l Jj i^JJI) C2 t_4^=p ju£. iijSjJ! LuJ! (8-3) J^-n* j-^jj 

sjIj^hJI CjU*jJ> Ju£. .^j'i^-ij'^-l!! (_^=pJI JlIc JJLJSjJI 4_ilJI (9-3) J^-i ui 7=-^JJ 1 0^ A-iJls&XI 
( _ ;r i£. 0< j'^ J^-i Mill «jJ-<i-4 4-LiJ3jJI <Li1l!I J) Ji^so LiLl^a-U^I (j-* 3 J^ ^j'j-^ ^Wj- 5 Jl -^ 1 -iaJ^tLI 

.(LAMELLAE) ^}U^ ^^3 juLL^ J^r;, 










^jjj^iaj ^ fl" n <_£ JJI C2 ' ^ • J^-j" Juc- <uLt9Jil1 ixuJI (8-3) J^-i Mf 




u ^ n^-UgJI t_4^=jlJI Ju£. ilj^jJI 4_ujJI (9-3) J^aui 



jjiaJL j^W V J (3, (jJJjI^J (j^lb (JJlI I) C4 i_^=3j3 Jug. 41^3 jJI 4-ilJI (10-3) J^-irli ^-t^JJ 
^M-aMJI jl Jl^i LJJb^=LjJjaJI <>a Jit Sjlj^ CjUjJ, Ju£. .iAlikJJ Sjlj^JI CjU-jJ, J_Lc < (<3 

^ .uu^ti ^U i^jJ! 2uiJI ^bXLu.1 g^-tflj .^IjcsjI a Jj S-sLeVL s j^*.^ (LAMELLAE) 










a j^klLi j^uj Vj (jJJ>Laj (jr^Iij t£JJI C4 (.j^-t^j Jl^. ^LLtJSJltl 4_uJI (10-3) J^-i m ( 



:Jla jl^lat Aj>Lj Cjlj JaLaj Lg_i3 c£>*^ 



vV 




^Jljj'i^-i ujJI <_4^=pJI (11-3) J^-»mi 









i U-lx^juji •'< ajl^j>- <^>-j-S 3_9^ (J- 1 ^^" LajbJL>-l jjJj^Ja ^^ SjLlC a jQ (lz-3) ) J' : — - i ■"■ ) tz-us^jH jjb I i^— ■ 

■' ^Ij"^— ijJ^-JI 3jlj^>. <L>-J-i Cu o J a V*< a Jl»-Ij JJ-^J 





\ ** 


\ 6 + L - . . . — 




S+l\ 




/4\ 


£ ! 



^j>JI .-M^yUI (12-3) J^=ui 



: (_g Jujlf^-i'j^aJ I i . ij^-^pJI ( -r 




(^Jjj'^-i-ij^JI (_4^3JjJI (13-3) J^-imi 



^ j"'^"^ 1 d* 3 blp* ^J- 5 4- L*^ 



a (jjjjia (j£. SjLlC J&£ ( 13-3) J^— i uiJ Tciisj^a jjb 1 o*^-> 
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j^.Vt^rttlj (j^Lajil (^jlj^>JI <j!>»VI ■ t-iU-Va (14-3) J^-iMt 



4^j^j40%Sn ..n^j jufc(14-3) J^-i.tMciriJLl Sn^j^Ulj Pb L> ^U 3J JI Cr i^i a ^_:Jll a 

: Jl>.j? Sj^la i>.j.i 150 sjlj-s- 

.(3, a o^^kJl ^ J^= ^a^ .(l) 
o^ J^= o'jji ^ -M 



11% Sn %89Pb a ±^= 

99% Sn %1 Pb (3 u^= 

99-40 = a j^kil o. 

99-11 



0.67 
40-11 
99-11 

0.33 



P j^'^ 









jjjj&lj JUAaU £)I>js1 I jIjjVI £ak%* 4-3 
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Ojj^aJlj JuJLfcl! ^jIjjsJI <j!_)jVI ioiaatA (15-3) J^ A 
'.(^Jj La <_L4=lA!I I juk 4- .b.^\l'.j (jjj^aJlj Jjjutl! (_£jlj_>JI (jlj3^M Jalsita (15-3) J^ ui (>UJ 

3^ ^i.Vl jj-Ia-II Lot ( ferrite) oj^s ^guij j a La.* ob^ ^JLuk iajJiJI «jl>>- ^>>jJ jir • 
^ o r mj <jLp*^M (jiutj 4. j| (Cementite) clu!^ l^-^j q^j ^-» tL ,jiL j-a>j (Fe3c) 
2_ L^bli! o^flj uii>^= S^J u'^t ^j 6.7% <l^ ^j-^ 1 S^^ j (carbide) jlu^ 

Ly_u£.l lijj .(Austenite) c.m,rtjVl t^uu j Y j_^' J I j^ ^ ojxi 4mV,„" jlIc j BCC 






4J Y J>^' IJlAj Ajjla ia>.jJ 912 ej\j->- <*-J± J if £j Juo j-l<TJ I I job jLi '^,^'H JjJ^kJI 

.FCC^e^^s 
i>-jj 1394 «jl>»- ia-jj j^£- £-<±y* 5 (jr^-i-uj j^ J J YD-" ^H^ *>" <jr^' jjj^I J>*jj • 

(^yJ^jJLi 4_lL«j«JI oJliJi (j <i i nl .BCC (^jjJLJI <_j-i£=3pJI Jl t^j-^-l 2j-« jjiaJI I job -SjJtJ J ^p-* 3 

t>a j'i^-tL j^Ij^Li S-sUI aJLiII 4jL A^u^j^a ^^Jl ^j^j . (Polymorphism) auu^j^o 

^pJI (j^aLa^l .(i_ij|jji )i<TJi'i ^h">^ «J J^= UJ^~ 'J >* J JJJ^JI '4r ^iJU^a j-jl«J jjJj^=JI • 

J^L^ j| acj) BCC Jl (> jiL^=l FCC Jl ^ a-^JL* olj Jl^= o^j^=JI ^Lp La^ 

c,ir,,„jVl y4u^j^=JI i^u' Jl^lJ^jCBCCJI^ji^l FCCJI Il.fUojVI 

.(BCC)o^ 5 jt cC2-Caxj£=U i^ i> j^=HFCC) 

LyuS 4J C^u-l! 4JLa lLUJJ I Jl>. 4_JLc «jl>>- ^L>-J-i J^ jJaliu^a j^is jjfc OJ^a 5 j>LaJ1 (jV • 

■ 4-lL^I 

; jljlaVl A-pM3 JaU: oM3 ljJLla pi ia^M: (15-3) J^ ,t, 4- • 

.4j^la ia-j.5 1 148 ejl>>- ^J-> J UL^J-^ 3 4.3% i_<-i£=j3 Juc i * I /i ^-i /ijj AlaJiJ ( I 

.AJjla ^>-J-i 727 Sjlj_»- ^>-jJ J 0.77% (_4^=j3 Ju£. Jjjj^sljjjJ iLaJiJ ( uj 

.Aj^la ^-J-5 1538 «jl>»- ^*-J-5 0.2%< m^->j3 Jtl£. iMj'^-i'jj-l SUii't ( r 






d$J>£Hj Jui*l I djUu 5-3 

.0.008% &a J2f o^>^= S^ <jr^ l£j^> l£ ^ >»j (Iron) jjj^ (I 
sLpJI^-Sjl^j 0.008% - 2.1 1% c& bM^= ^^ ^ ^Sy^i ^ y»j ( steel ),,,imtl (v 

.1% £>£. jjJ^aJI 4j_<_aj 4j3 JjJ3 LJLa J^so La'}LJJ9 4JLa LJUaJI 

j 2. 1 1% - 6.7% (>a 4^ (j^jj^aJI 4-LcoJ ^-jl>u t^JJI j^j (cast iron) j^jJI jljj^JI ( £ 

.4.5%) ^Jlj*. j^kjJI JjJ^JI 2_ o#j^=l\ S^i U3^=^ La "^ 
(jLp-VI ^ji' 1 ^ 4- J LaljiielxJ L*Ap^=fj (j^jj^aJlj JjJu»JI lIIjLu-u *wfef _o-4> i_JLuaJI jLi aJsl^J! IL. 

(jLs ( j^, '"' j"'^"""* 3-^_3 ' iliWJ-^ 3 OJ3^' o-" I '° eh ij^l ' ■''-■*'' 4 1 1 ni 1L1 .< iJLuall (_^j>- 1 ^La Lie ' aL/m 

4-Lt.qAJIj ( (AISI) American Iron and Steel Institute) (_,^-»j>^n c-JLuaJlj jjju>J! jl^a* 

I^juisj aS (American Society for Testing and Materials) (ASTM) : jIjIIj jLp^MJ 4j^-ij^»VI 

oIla .L^loI^j*- (jr ic t-ajjtTJI ^LlJLij llIjIj mil ^i^ t_3j-«l!l ».U" ...'< ^^-.t L^JLc tajLtlLa 4_tla^j IjIjlcI 

4- u5>*-^' jj-oLUJI Jl (jlj^ulj l^-*t^I <jlj jLxuJI £y» (jjU^J Jjl 4-se.pe.LO ^jl 4-*Jjt <>a tjj^~ '"'" jl Jt£.VI 

1 c-JLlo }L\a jj.'j^-^ 4jui't (Jl o!>fA? ul>*-^' d)L*4plj jjl?^-^J ajjirtil iaLiis^Li 4^3-u^JI 

V <bl (j 1 ^ (10 La^j) cryjilj Jjf Lai 0.4%o j^j^=JI 4^ (j| tiDi ^^I^-aj 40 La^ <jLa\> jiJ1040 
4_i^L>- Jjljo* (j^aj 0.8% ji^aJj^-itl 4j_i_aj 9280 <_JLa . JjJu>JIj (Jjjj^sJI ^j-m J-J*T J i^'iC i$\ ^-3i 

0.25% o^j^= ^ u^ iS±^i 4025 eJL= . (1.8% - 2.2%) ^^,1,,,, ^ ^^ 4"^ ,,,„!! jpa 

jUoJI <>a cjrujlj Jjl o>-^= lij Laj^wl .(0.2% - 0.3%) 4jum (Mo) fjJjJ^J^a ^Ic ^jl^S 4^-.jj,„IIj 

Jjl^^tl (j^-> «1J 4_l^Ll-i5l JJ-aLi£. LkLlta ^J^M fklSjt L^^J ^. 1 <^>) J Ir^lif (_$! Jl^-JJ ^ 4J| ( - yi»J I JL^ 10 

4Jj_iii£. La^Lc «_iisjjj ^jjJj^aJLI 4J_aiU 4 j i nitl ^J\ £j\j i ifuJ (jljj>- VI (jLa^jJI .4j^>L>- (Jjl Jl>- ^j^a Ljjlg 

uLdl)a2^dJlWl6-3 

^Jajj'i^-u^JI i_4^=pJI 1-6-3 
Ju£. (cuJli-ujVI) Y J>LlII (j-a JJ>il JlJ£. ^JJaj^aoJ^aJI (_^=pil 4.Lt^jJI 4-lLlII (16-3) J^suSi 7^5 JJ 

C^jJjJIj b iLiJ JlIc: 42jSjJ| LuxJI (jr a- t ^3 .b 4la2J juc (d^Ila-L^) Fe 3 C+(oj > a) <3 Jl a ikij 

.(Pearlite) 










(JJajj^a-U^JI (M^-TpU (-..t^U iiLJSjJI 4_ujl!I (16-3) J^-i mi 




^JjJJ^=LJJJ-tJl C 



o^plj v l,^n ii^jJI 4^! (17-3) Jg-,A 









(^juj'^-ijj^I o>j < M^-TpJI 2-6-3 

l_u^z3p]| (j-a JJSl jj.'J^~- ^ 4 ."■"*' jj^-— " LaJtJ£. <_JLall 4JijqjJI 4_lLlII (17-3) J 1 ^ ui 7t-ii3jJ 
j^la i_l!l_ui> (jj^~ij C 4 Viiit Jtlc t J^— i i'iJLi 7z-usjja jjfc 1 o^— i .((j^Jj-^a ijjj-^ O-" 0.77 /O ) ^JlJ^I^sl-U^-lJI 

.(ct-Li-Lc-Li-u + a) culj-i + (cjj^s) a (J.* i_^=pj| qj^-ij ^P-* ^-j- 1 727 <>a 




^Jup'^-i-U^JI ^jfl (M^-TpJJ (. >ii^lt SJLijJI 4_jJLJI (18-3) J^-iMf 









(^jujI^soj^jlJI 3j^ ( - m , ^-^i!I 3-6-3 

' . t-t^3pJI (j-a jj£=>\ (j^Jj^aJI 4 j i n'< jj^~- " LaJtlc i . J Ltal! 4JLlSjJI 4-lLlII ( 18-3) J^— > ui 7c_iisjJ 
IJljj h 4 Virn Jtlc -Y J-* jJt>-lj Jjb tiJLak g 4 V— > rr > Ju£. i J^— i i"i]L) Tciisj^a jjfc 1 o^— i .^Jjjl^— 'J^a-tll 

(Cd^i + O-jIia-u-u) C^Jj-i + C uT l Lu -l* 

j JjJ^*. 99.65% Lj^j (_JLs Li!LLi> (jL^= ' M ' jj.'j^' 1 J jyjLstll ^jIj^kJI jljjVI .UU4- a ^ : Jlfla 

■ <^3pJ ec.Ql4-.Lc J I j OJ^JI I^ui J^jl < Jjj-.^njJI <>a >Lll9 JS? 2j!j^ 4^.j_i ^_ .<j^J-^= 0.35% 

. j^ 99.98% j I jjj^ ^LJIj uid>^» 0.022% o^l y.^ 

• jf ty. ( ,,„;lt ^S'WI ,U-Ltl ; t^la Jj^.U"^ JjJl»- 93.3% j ji^jj^a 6.7% O-llU-liuJ I '.-^^-j" 



6.7 - 0.35 
6.7 - 0.022 



a J3 kJl 4_^ 



0.95 



0.35 - 0.022 = c,,-,;o,,„tl4^ 

6.7 - 0.022 

0.05 

tjjj^c-JLkDJlia 

IjU-jJi Juc 0.4 % (j^Jj^a 4j^ (^^JLc i^_ai>o JjJl»- (j-a a ljj>-_aJL^= 3 4- G J Y 6-° J^= ^tH 3 ^ 3 ^3^ 

.i^la i^jj 726 j 728 j 850 4JLUI Sjlj^JI 



Qjlj^ 1.54 j y flre-jU^ 1-46 
a ^L^ 2.83 j y ^.aj V 



850 4^ 
728 i*.jj 
726 4^p 



.WLjLllII 0jui> (j-O (jii-r'lj (j| C-ljJtlil (jyiC-J 






LiUj Julj LtJjLij .((jjlf i_3jjl!]I Siit^ij jl^oiaVI /<u (jLijJJI 4_JL^l A^uIjJlJ SJls-^oJI ojufc IJIJlJ 
e Jl*j*jJH aJL>JI 4- oWi 1 -^' (jr*^ (jd; '^'^ ^ J d)L^=J jljls^l 1 rtl'AeJL 4JLJ9 jJI AjIaJI A-iJjJ, ell! Jl^= L&i3 
l_£jlj^>JI (jljjzl iVi Vt-ttja J-&J LaLfc LLaiaita <_lUj Julj LlIjLu . Jjj" ^— lL^-lI I j 1 ( K"^— i'ij^-JI j Jjjj^sljj^jJ I J 






t^LuJud! a^-.n...tl( 1 
. LuJula z jl LuJula ,jj^~~ » ' J^9 u-uAj-u\ \ iss'r- f-lc j^jy ~* I (tt 

. (<^^>JI 4JjLa2a CjIjJJI (I 
. oljjJI j' a1 ^"' ,_£jL^J ( uj 

.U a*. J\ L^Lkia Sjl>>JI ^j-> o^^^ Ol ( 2 
.ujt(j 

: jJb j^LaJI (3 
.2j_uiil «Li^l^>. 4J ajLil (j^a (jjjjLjtla *j->- ( I 

.L^ta Lpj->- v'J'-^ ^^i' o- 8 (j-u-iLstla *j->- ( ?: 

•j-^=j U-a ScyJ i V ( J 
:*jjj 4JLi 4^3-u.iu] (^jIjjkJI oLP^' oLkkita ^oijJ (4 

.4 iil"-ttja plu^ap Jtlc ^^— t-u mi! Jj^jjJI CjLt-be-La ZJSjjua ( uj 



•j-^=j U-a ScyJ i V ( J> 






:<jt JljV 4JLa AJal^-ila tM^l wall S^uljJ rtj~ ^-»t (5 
.^^Vl lLJkJI 2Jl£.11 4J3jj<-« ( ^_J 

.^jij^ji (jijjVi <-.iuu~t A^jiiai ji^Su a^jji LuJ! a^Ijj ( ^ 

.uj!(j 






£ 



tjjfcoj^ill (7 

.(j^j^aJlj JjJuaJQ t^jlj^JI oLP^ 1 't->U-^a 4- J^Vl Jl^I ( I 
.(^SiJI JjJu»JI jjfc ( l-1 

I^^ic CxjJ^JI (_^jIL>iJ (8 

. ju»Jj j^L ( I 

.JjLu. ^lUlj J^sela J^lj ^dJ>U ( ^ 






^1(9 



. ^j^jjj^aJ I j JljJu>JI JaJaJeja ^_ 4 la ■ uaH a (jaj>^a 4 i mi ) (jr^- L$_9"^ > *j J3^ ( ' 
.(j_^Jj^=Jlj JljJlJ>JI i t-i Vt-ttja £— L^jjI jl (j^= <1J dWJ-^ 3 ** J ' " ' Lr^' (jr^ 1 L^J-^*^ J3^ ( h -1 

:> k ,-,ir,,„jVI (10 

.FCC ^j^LJI 4 m^->j3 (j^jj^aJlj JjJu»JI cklaita 4- J_^ ( t 
.BCC ^j^LII 4 n^-Tp ji^jj^-itlj JjJu»JI lUVr^a IL. j_jla ( r 

:*Lu* 1040 c r JL= (11 

.J^>-T * Cr ji (_^i£. ^ jTcv J ^?J 0.4 /O jift-)j^3 4j_i_aj ( _ ; ^£. ^ jTcv J (_JLa ( I 
.jl>»T s^^ (jifi. e£>^ ^J 4% (j^Jj^a 4j_^ ^Ifi. m£j1>0 i—Aj^s ( UJ 
•J-^-l f-j^u ( _ ;r Ll ^ jTcv J Vj 40 /O j|ft-)j_^3 4j_i_aj ( _ ;r Ll ^ jTcv J l_J La ( £ 




■^inl[) lliii)iillq.^icill pilnill nnlnllniiiinr|Qll 

jaLUi jJ^jj ^wU iuUJl 3>btfl 






:l>4^ 



^jlj^J! oL>JU! 





4w >> i jaaaalt! 

t^^ ljJ>LJ9 <_JjJlLU 7T jik-iJ eJla-^JI Ojufc ij-ulj. 

.4jjIj^>JI CjL>JL«J,I lJjjjju 
.jljJa VI yl'ii" i njj JlJ^jjJI i laj La > j TTT (J I i UU4-a p ^3 

■ I Q(j/^ J-LqJfc T lJI CjLI Of J A J -LL a jJVI J (jjjLxjJI liljl J ) r< Jt (»Ll^ll 







: 1 q-A (> J J i u 4" L ^- 5 J" 1 ^ - '-' • ^-^~'-'^^~' -^ 

. (jjUJLl f-I^Jl JJulj ( I 

Lbejisj? 4-jjHJI a JL*.^]! 4- .^Ul^l J ijulilll S Jl^^JI 4- (JO^ SjLC " Ijstuisjt -^ <jr^' <_xJ-<-al! Aj^olILl 
4- ,>-H-> ^-Lq-reTJ I J JjLdl (_ylc J^^~* ■"■"''^ l£^>-I J- 1 ^ 5 '-'^- (J-* <— ! 'j-^ A^LiisI J Cj Lu-l>J I («-^>- (jl ' ^^^~~* 

j <->'«t (_£j^>» | juU3 Li£. ji 4jJjJ«JI CjIjJJI £aLi-bl 4-i-ulj.} 4- I H<jml AjJliiJI aju^-^l 4- .'=*-L=»-1 _S q£. AjliHeja 

j\jAaz\ I ■ M^— >^JJ pJJ 4-^PjJ LjlSl J ) ntl ( . M^-(j3 (j| Lc j e-li y jlj 4^-IJJ I rjl /<U_uL) I— 3jJ«J LlJ (^yJ-uLj/l 

CjLW: ^Jb iLaLa-iJ AJjIj^JI CjUJUJ.! .4jjIj^»JI CjUJUJJ ^ J A-t^ul^aJJ ^l^o^JI 4- p^-"'* 1 

: Lj-4> j ^j jjJuja 4- p-^=^tjj ^r^^ 6 -^ J ^~&-£ 

s-jjr^uJ (Jj/jJlJ i_3j_i_u <2Jl>-jJI (Jjufc 4- •j-Lq ^ e T i-I I (j^J 3j-^' oJ^ik |_£Jl»-J <LuLjJI 3Jl>-^JI 4- jL^ 3 ^*-^ 1 '-"-"'J-* 

jl>bVl J^t»l-4 

< _JLaJI (jl Jl^o (15-3) J^ ui (jjJ^aJlj JjjL^til (_£jlj^>JI o'j^*^' uklaita ^1 iJj-taJ Ijl 
2jlj^ i>.jji (j^J (^1 Sjlj^. i>.jJi Jiil'la^lj Ij^La 03^=^ ( 0.77% (j^jj^aJI ij^uj) ^Jj j'i^nn ^JI 

I Juk CjJljso t _,^— i t .CltjJ jjJI pjj/Li i_ SjJtJ L vlS Ojj^ Q j '- 'j" 'Oi, 1 " L*-* J OdJ>^ Jl JL?-^' ' Juk (Jj^*-^ 

(jLa i Lj^L^= ^-j^ 1 -^^'jj^ ^^dh^' j^^-— I Jj .<u^L^= ^>-j^> ^^^.* ^^dh^' jj^-— j jlj J^^? J^stlJI 

: j I ajlj^>JI i>.jJ J C^^JLl JjjsjJI iUVi-^a j^k LiUj JJ^>o (_5 JJI .C^J^JI 



a*ji>j!3i^i 

AjjIjJsJIubJUil 






Jl .uu^ a oW^'^' Cy^jp^ 3 4- <^ j'^jj (Time-Temperature-Transformation diagram ) 

jjj^JI (> ...j^yj J^=J o! ^ ^^'^jVI cM^piJ TTT Jl Jak^ ^^ (1-4) J^.t, TTT 




1 10 102 10 3 10* 10 5 

,_,l,^t ^jbj-g-.MjJl s ,j^>ilJ TTT J! Jala** (1-4) J^=ui 



^-jj_j ^ jr <ilb j Lc._jJ (jjjLiiLa (_yic diS_jJI (jj i>L.-l>. ajl^jsJI 4j>-j.} _J dtS^Jl x_« jl^JaVI^_<Ju Tciis^j i la la **■ I , I I Jufe 

t^Ll!! 4 l^^-^La fj ^—i <i jj ( jr k>- (Jj/LlLo (jyic ajlj^>JI 
j_sj_JL) l_Li4> 4J j_sj_j) Cmm i njVI j-ii> j Jl>-Ij jjJa ^^-J^ 'jj'^^j'jj^ ^j^a (jyicl «jlj->- <*->-J-i J^C- ( I 

(Y 

^jjojjl *_« (Jjj^jJI £_ I JljJ j Ij flj i u ^ Ciji" i njVI jj^~ '_' "^ 'Jj"'^~ '-"jj^ ^j'j- 3 *" ^^J- 5 ( ^- 1 -" v -J ( *-r l 
.(Jjj>o AjL^j i Vi-^j (Jj^* ^i'^i iiaa> dJLufc (jLa LiUjJj 




Off su 



£LQl 



. Lu-uij s^*^?* Sjlj^ cjU-jji juc (B j-ajJL Ua <*] >«jj) (Bainite) coL J J j^iill o3^=di 
ec-iiJIj (P) oJj-JI tjru La Ji^iflj L$j jUI <^Vl .U->tlj (nose) <_2uVl ^ a , ,<" F iklUI ( j 

•(B) 

4j| JljJ jJjJ.1 jjJ 4 i^inAr ra ejl>>- CjU-jJi ^J ,_L<aJ Lljf iLi>J L*J><-" JlJ>j1II jL^= lit ( -4 
I jufc ( i U X a 3j|j^>J| 4^-j.i (jr JLc JUTl<j ,Jj (j-aj-II (_^i£. J^<VLtJ V /«jj jJ»J Xi^o <-^Lli»> (jli J_a^elll 

.M j-ajJLi LLk 4J j-ajjj ( Martens ite) ojjJjjUI ^ <> , ,.j Jj^eH! 







OjJJjjLJLIj C <jij tlj CxjJ^jJI ^yic Jjj) uaJeJJ 4 rinAeJLI Jl£>_lL1! CjIjI (it a (2-4) J^~i i"i 



(B) c.ji.tlj (P) CxJjJ! ^ Jj^rtli iiiiim jl^I oljL_^a ^jj (2-4) J^=_ti 

t^ftl L) nlVr,,M J^-t.t.tl ,> . (M) OJ^DjUlj 
.(J_a^tjJI 4jL$J i Vi->j Jj^ilII ih-». j_aj (j| Jlj'z ^LaL^= (JjjxjJI (jj^~»J t _,^— 1 1 ( I 
jjLa c_*-J>-l!I Jj }Lla C-t.LtlL.uj VI J_oj>o lit 4J? ^ylt.a-1 i La 5^ Ct-Ltlmj^l jjk Jjjcjj ^JJ! ( i_l 

.OJJ-UjLa j| C a ll JJ (Jjjxjj 2 <_j-l!^-<JI 




Off su 





H'JU 


a 


A 


AjjiSjajj) ijjp, i^jj 
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(,00 
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COO 
400 
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300 
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1 

A 1 
1 








200 




M (start) 


J V 


v^ 






M (50%) 


M + A 50% 


*""■ 




1 00 




M (90%) | 










1 












9 













1 


1 1 1 





10* KP 10* 10 s 

jljLVI jj-a iUjI-^ ^yl^. Jjir-i-rlt Jo>p ilai. (3-4) J^-i mi 



O-J V)_ljJ l_J OJJ_UjLU (j-a i lojlJ' (_j-<-t.a-l So^GJl jj^a (_£l ^j-a _ (jr^- (J J taJ "' LLL^=l«-I (J-& J-ffc (J VI (jlp i u 1 1 

.aaj ( _ ;r iii <uL>.VI ic^jJ^-JI j ojj-ujLU j c^uLJI !jjt ' Vijl--*- jl ojj-ujLII j c u jLlII !jjt ' Vijl--*- jl Mi-a 
<*^= 1 LbjJ 4jI Ll^^s litis abcdefg jlj^I lL^ ^Lla J^auUI I Jus> 4- ^J j-^j^ (3-4) J^- 

:^bJI jl>j LULa c,ir,,„/VI ^ 

.j^li^a jj£. 4_^=l!j C-t-uli^jVI (j-a f«-==-^= 1 tiiLlA Jljj La b ilailll Ju£. ( ] 
a 0.5 Jj^J C 4_LaJii!l Ju£. ( (_! 



^i^.VI 



>j?\Cy*f 



=, 0.5 oJLIaj oJj-JI Jl << 



I Jljj . 0.4 \->7i'<\ ^>-L<La Jl£>-<3 OJLv (77 



. e Slirtitl Ju£. (>ajj| AjI JlJ jj-a J_a^elil 4- ^^ * 



a*ji>j!3i^i 

AjjIjJsJIubJUil 






&LDI 



^(^^=0.25 ^jCaL Jl(^ 0.5)^^^1X1 ,.-, i r,,,,jVl< ^^ J^b f jUsMI jl^ (. 

.Oj}_<3jL« f«-5=-^= 0.25 Ct-LU (W^a 0.25 J 





HOC) 

700 
600 

:: >ou 
400' 
300 
200 
100 



A **»**» Sjlja. **jJ 




L 

L 

i 

r 

i 


^ 


1 

*> 

1* 


M (start) J |\ JK 




- 


v<so%) m + a i° % i " 






Af (90%) _|. _|. 






1 ' 

50%P+50%B 100%B 

[till 



10-1 1 10 10? ]0 3 10 j JO 5 

i^juJI Jli*ll ju^lUI Ja^ki. (4-4) J^A 







:^JJ^. Jlla 
I JtJ I jlj ( 1-4) J^— > ifuJ Tcjisj^a j_4> 1 o^— ' TTT LLalaieja J ^ Jj_al^=i-U_aJ i . o^ap jj <_JLa dJLLib (jL^= I Jj 
(_*_i£=pj| Jl>-jI .Oj-lL-uJ^?I j^L 4- 0^^= L«J^£- 4Jola ^>.JJ 800 ajlj^- ^J-i (>« -^d^' 4- S-^-uaJ! I Jufc 

i>.jjJ ^L^a jj>-<3 aj 4-ulii 10 i>.jjJI oJu*> juc djj^-iUj ^jola ^j-j-* 350 i».j.s (Jj t^L*^ ^dhp ( ^ 

/<U ifjlj (j£> ut£. lJua i>.jjj| ojufc JU£. djj^-it,l (<U AJjla ^*-J-i 650 <^>-jjJ (^jLfcS JJ>-U ( t-l 
JlJ^jIII *u Lulii 10 S jd ia-jjJI OJufc Ju£. dj^ajlj AJola ***J-> 400 ^jJl! ^Ue-ill Jlj^jjJI 

.iSjJLJI Sjlj_»- ^»-J^ cr^^=-^' 
:4J| Jl^o Lflia j ej i I JlJ^jIJI ilaalaj. 7e-L3jJ (4-4) J^=uS< : J^JI 

.c^b 100% J! ,.-Mr,„,jVl J^ ( I) aJUJI ^ • 
.oJj-> 50% j d^b 50% J! ,.-mm,,,jVI J^ (c_>) iJUJ! ^ • 

Cudjtll 2-4 

(_ya <Lu>3 <»jIj^». ^J J Jl ^ £ - C^tJ^-JI Jl Cmmiuj^M J_a^>o I jl 4^=L-Laj-u CjLiiiaJI oluk j_a^=»J ,Cn*i aj uitlj 



CMinrHjVl Jj^j li| ^sj oLLtlaJI <? jub (jj^-i"< j (coarse pearlite) 'kjlf cujSjj u a < »jj jL^^-nTa-JI 

aJL>JI ojub 4- <j? a '"jj cC ^>^' j>^ ^W^ (jr^j ' ^ii^ ^-j- 5 540 <j-a <*-jj>s ^j'j-^ ^Wo- 5 Jl ^ 1 ^^j-^ <J1 

: LLiSji oJj-J! £_u^f UI^-» La^a^i .(fine pearlite) j^ oJjj 

(J-t^=ufulil ejULl 4_JjLU (j-uLula ^^ S^tjU^tl) IntjU^tl C.JS • 

flukll3-4 

C^J^-lII (j^a 4 j-t^=p 4- 3^' J-^J < — *d>^'j Cij" ioj i ii tl La-4>J 1 tiajf (jjj^ala ^j-a C u uL t l I jij^— i"ij 






ujjJjjUl 4-4 

CjIjI i n a) JiJ_>-<3 '"' LJ a-g pLuu «3 ( - 'J '"' i ujl J I (Jj^Li ^^— > ] ' >l i^aJI (j~LJr i n" < «L)I pr"iM i n < (jl (j2fl » jia^ ' •■ ' 

' <l i^sll & ^— ' J» ^~*.l ■ (_^3|^>J| g. ^*^— »-»"tl ^j^— ' 1 ' 4-ujJjJua (JlJ^JJ 
4jl3*Ij_Uj jL-JLual!lj 4jj>L»iljj-uiielll (J JbJ l_JLuaJI 4- A-^al^Jl AjjIj^kJI CjL>JL«J,I (jAaJ (_^a5tijj (jVI Li£.J 
SjIj^kJI <^>-J-Sj (jr ifl.L.gJI 4j>-j^>JI sjIj^kJI <L>-J.i U-ifcj q-CLaLfc «jlj->- (_^L>-jJ l-OJjju l . l > j dUj <JjJ9 ^^-itj 

. Lkjl i^j^JI 
*_a j_<Jljj Vj <lL)Lj (jyJfcj ( ^5^° ^*"J-i 727) JlJ^I^sljj^jJ I 2jlj^>. <^>-J-> (jy^li (j,lii i "II <L>-j^>JI SjIj^kJI <^>-J-S 

x_a 2j_jJlLo (jyjlij ' <r ij i~ i njt Jl 4 1^— i ( . il i,-itl (Jjjsljj sj-iluL^a LgJS^S ^jJI (^yjii LJ- t JI <L>-j^>JI SjIj^kJI <^>-J-S 

jruiull5-4 
^j^J! c^^^ill 1-5-4 

I -i^-— Al jl Jjjl^a-U^jJI ajlj_»- <^>-J-S (jr^J (jlii i nil <L>-j^>JI SjIj^kJI <^>-J-S Ccjvj ( . J uaJI (jlir i uJ /<uj 4_l3 
4-jli-l Jill oljl<jOM illjl j-4> SjLc j-l«J*2!I (j-a fail I I jufc <j-a (jr ^L^^I ^jJiJIj (5-4) J^-i uu 7=-ii3j-a j-4> 

till j^a^U! 2-5-4 



jL^=a I il A3 LiJL»Jl i>.j^>JI 2jIj^>JI a^>.jj ^j-a (j^l ^j'j- 11 - ^-j^ uj-^l 4r '.'* '^ dr^ < ■"< («1j «Lj^ 

4^.j^>JI Sjlj^Jl 4^-jJ, Oru jf (0.77% (>a Jill o^J-^^ 1 *^-J) J^"^->j^l 0^>J ...l.^tl .. m^-»>» 

<>a 3jii juu . (5-4) J^=u^ 4- L*^= 'Jj?""^:":?:' 1 ti^ 3 cJLaJI '.-^^-j" o*-^ 3 'M Acm LiLJIj ^yLLcJI 




Off su 











900 


N 


$Ji*J 




,r 


„< 


^ 


X J,l£11 j^U 


-^[ 700, 


1 A1 






CUD 









0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 
i,,\*A\ U\J\ SjjIj^JI oUJL^Lt ijlj^JI oU.jj (5-4) J^-,A 



AJiLdl 6-4 



4j>>jjJ i_JLa]| £ 



J aJLwlII tfjufe *_u .lyll^-iMft jkliajjl ajLcl J oLopJI 



(***>}*- 



Lg-La (jiajJiJIj 



4- 4jjUi! Sj!>3- ^^-jj j-^jj (5-4) J^=ui .*I^JI 4- s-^ 1 -^ ->>£ ("^ y*^' **->>JI **o^l Jl^ 3 s jI>>- 

JbiLull 7-4 

=j3 (j! " 



,L^=lJl 



Lbel^l 1 «il^-> 4_j| (ji-v^J ^-J^- Ll* ^dhP^' ^-i^J^-o .(5-4) 4- 1 o^-> ^liigitl 4j>-j_>JI ^>-jjJI J^ ^ nV '■"" 



5 jLj . Ji^selJI diljUf 4- p^~- sell! *- 



«Vl 



^a (jl ^— i I -i '^— i ii 'J UoJkl (J^reTiJi ,-ssTi-J <L*Jij_<-u Jj^-ij Cj2i Jut! 







jj^~~ •_' 4JLa ^LlILij (JjjxjJI (<m-lI 4 jj LLaJL I Ji£>_uJI <U1j_i-u ^j^a Jiaj i$j-s* "^ I j-i^l_L*JI (j^aju j (j_jjj^=JI 4 j i n'< 
*UI jj^-— " La ajLc ojufc *_Jj_i_aJI J^J>»UI CjLaLvC '£— LajLJeTmiU lLL-uJ^/I .4_tL»jtJ| IL. p^~- — "^ J<jmVI (j-a 

• *I^JI jLu (jLp»2fl (_>iiAJ 4-j °d>^ 
Wl>JI8-4 

: I j * a ^ps^JtjIj ' ^ ijitc Jl*-> 2_ilc 4-u-ajtJ I aJJb aIu 

(j . ■■^— It j ^jlS*) SM" * j LJala-q a jJLuall i_JLaJI <— )l ...^—1-^—1 

. Al ^yilt-JI 4J>-J^>JI SjIj^kJI A^jjl C<_*VJ C-JLuaJI (jrlJtiull 4_JUa]| ojofc (<u3 

AJ^J^^UIiULuJI 9-4 

> if LJjLI 1 1 ii j JljJu>JI j_A ^yjjLoi jI ^J talc j>J^~" ' J AjJljJl>- lLuI I I il J j L- jj— 1 1 I r rill p ■ ■■ 2 *"' ( (jJU«J,l £—. 
l^ya <UJljJu»JI liljl j i nit ^-l_aj£- J Ljlj_a a JlC <JJLLi4> . JjJlJ»JI jul£. (jjLta 4_u_uL-u 2 1 Lfcj_i^l_i£. (jj^-tj J <UJjJu». 

: La>Ljlj_a /<uiil 

.4_La jLliA^I J^IJ *-<-ulj (JJlA f^lt. 4^<^y\<^A\ L y S \j±J\ J,jm3 ( I 

4 ^ I" . ■>- 1 1 /jlsl \_C^LI 1 4 * t "i * ^»" 4j a^-t-u V * i 

.L^j-Lul '2— ^ Al^— ",tl 4j \l ,^",al ( £• 
:<UJiJ,_k>JI liljl j i nt I ^-l^fC- (*ukl (j-aj 

.(LJUil L^Li^= jf) L^jjJ^j (^ 

.((^J^^l <LuJu<i,l ljIjIj mtl u <-, * j t 4j_i_u_LtL)) ^Lij^^-iU L^LllojII .^^oltl (^liiV^^S- 1 

. AJ-J-La JJ J I LJL)1 I I II J ^JjuLSeuJ] LJjLI I I II 4_>JlJJl>.^U! l£L)I I r il 1 1 p±Jb\ ^ya 

■ dijl jmtl ojufc ( _ ;r Ll »ji>itl (jAiJ ^JilJ <jVI l_t£.J 

^L^LJl ed5L^ 1-9-4 

j^mi! jj-a J^— l"lt 4_lILc LajLiLa CjI j ■- 1 jj j^— It I Jl»- J^>-tl <_Lu^jltl CjI j (jjLtI.1 (j-a Lajaf (j^iUtltl 
Jla S>^= CiLal JlsbIlJ LjJj (jrU^jUJI j (^Ltltl jj-a 4^-ijjni ^ J (Brass) j^aVl (^UtUI 4^-nlw.i 

(jjl iaLiJs^Li cjjj^l L gjTi_-vj j ,jjj>.VI 2j^<iJI dlSL^JI jL^ljjb ( Bronze) jjj^l .SjJjuJLI cj>Uj«JI 






J^-— till iajULa 4_lusL>o 

(Jjj-ajjj I Jl>- 4_lILc a j-iL J-ujjj (^yjb J ajjJL^xIIj (jj/Lstlll lILjLjj-u Lkj^jl/I (jj/LstjJI (j-a Albju*. lILjLjj-u i_l!l_<j4> 

.,J^=Qj| <LajLiii lLUJl^= sjLia-d (j^al^i^j * L)j..£^=JL! jLla-a 

^UU! ^lSL^Jj.j^tUI 1-1-9-4 

4-JUil Jla) -ijLJI (_yl£. Jj^auilll 4-iLwl j^ a ^ L^aJI (j^/Utlll lILjLj-u i—)l . ..^S 4-i^u-UjJI 3>^' "^J 

(jiiij f-U-jl (j^-»«ij .L^l i^i> jIjjj oJ9_aJI (jjLflJ 4- 4 '^~»lj 4_u_uLe_L!l dijLiaJI ajja LIa jI jjj .(aIsjjJI 

AJjla ^*-J-i 980-760 «j|>»- ^>-J-5 ^'^ 2-SLc. j-<-«iel!l CjLlL^I rfUJ .j-LqJfcTJI JJJ^ q£- S-iUI 4-Jala.a -» {yi 
££2ejuul\ JU£. JJ^>JI U>j (j-uUtill 4- J-f-^' CjlAq^l ?lj^-j J^£- -*U1 4- ^i> J - u i>"^' -ihh? L ^" S ^J 

£al l^ Li>jii£. jl jj3 »jlj^ oU-jji £>£, SjLiC (jr^j (hot-shortness) ajjIj^kJI iaL-aUl Sj_<blJi <j-a 

. j i ..^—n 4_iis^C -- ■ i a JJ j I ■ *— > J^— » ■"■ ' ^jj/L^e-dl 

^jjJUjJV! cil^L^ 2-9-4 

-1 'j j^ 1 — (_^JL«-II (Jjj-ajlII l1UJl^= (^Ll« C-JLuaJL AJjLULi) jj_aJI 4<i->; <jL^sljL ■ uj jaaalxaJ jfl J-kClj 
(j^~"ij •^^£^ a ^-J- 5 660) jl(ji^i'^l i»-jJ (^l liVil j-£> (jr J-uL-uVI j-o-ulJI -Jj^-i mi1?I aJ^j-uj ajlj^>Jlj 

■j'^— tj jjLJI (jr ic Jj^=uful!l cjLJUjlj ji (llLSI jintl) ^jj>-i jj-al_i£. iaLisLi Xj^aL-uL^sL-JLl ^^I^kJI iywnVi 

fjJb Aa-»i*aJVI ljLjI writ 4-u-uL.uVI j_i-al_L«JI .,J^=QiI «LlajULa <j-a Uj^»- Aa-iixaJVI J^flJ (J-lLILkJI I"iI^-> 4- 

^Ljl4>M-I ajliil olS-ulalll j"'^ 1 — 1 <j-a .A-Lmjuufe ^J-1^ 1 — Lg-al JlJt" i hV l^^>- f^r!-^ ^^' lLIj! jin^ ^LjlA^I jlj 
. Jjiyi jj^jj i>j_us Uflaju (^jJI j-a^?l LiLjLiJI (jjufc (jjj aJLU IjJkJ ciUjij Cj>L-aljII 4- <*' JlJcI^VI jj4i 

^^lw^JVI ^Ll^Jj^u^i]! 2-9-1-4 

<-il m^—i^ Aj^ujjjJI 3>^-" JL> '^ >* J J^' (jr^- Ji^~ ■ ^IJLa c_ul_a^ a Jl£. 4- o"1-5bJJI J-a AaJ-La^J^I 4_iLiuj 

Aj-LuajJ^U j-LaJfcTiJ I 2jIjj>- CjL>-jJ .j-LaJfcTiJ I dlLJ a-C *l_i!il 1 uaj| Lub AjjIj^kJI 4J&\ ua2l\ aLclj_a ^j^a JlJ^? 

.4j^la i>-jJ 413-343 (j-^L £"j!>-^ ^^-i^Lj-mJ 







Li^jjuj TTTJI 'UU^a llmjjij ^ 'Jj"'^~'-"j-^ '/^^—^"^ i^J i—J L^aJI (j^o Vlila lJJL>-i .LtLta c-sJ^j j^ L«j 

AjJljJl3->UI LLLSLioJI ^1 \'i\7Ti'\\ \jj£-\ .4Jt>.ljJtlj jLjJLalllj 4jj>mijj^«ielll ^yJbj (-JLaJI 4- ^jLh"^' 
<_^-4>J 4jJlJJl>- ^Ul <_lljLj-<_JI /<ukl ^^JLc frjl^ltl LLlHI /<u 4jJjJu»JI dIjLl.L.aiI <_ja-i*]|j Cjlj_i*Jtl f<ufcl Vjl iJjj-ilj 






djU^WjU^I 



■ 1^-mU cpUU (^olji- ^ {^aStUI (j^-iqj e^JI 3ji=JI ->J^ ( I 

.i*jjf (j^a JJ9? I j; jal^-."tl <~.lw^~^-.tj f y 
.£J c_J ( J 

: (j jU-g-U Sj^-ij'iI^-ijU (_^a|^>J| ^^ifi. jJjJ (jP-tl J-al^tJI jj-a (2 

.J l) Ul c >J s (^i2JI( S 
:^J Jo>xJLj Cu ul ^j^l Jj^u <<j_jj^^aj|j JbJLfci] ^gjlj^JI (jl^jVI <Ut-.-^a 4- ( 3 

.c^j-DjU ( c_j 

•j-^=j U-a d^^ V ( J> 

:£#*— ^1 oIjLulJ! <>a ^1 TTT J| .Lki^a 4. (4 

^— >>J J^~* 1 Ja.La.3eja Jl>-_jj _j SjI^jsJI 4->-j-S _J dt2_aJu (J^j^TlII i La La ae a ^jfc ( < i 

•J-^=>i U-a Scrl i V ( J> 







: jjb ojjJjjU,! (5 
.Oj^oJIj dc-LLLc-LL-JI (j^s ob-^ 3 ( ^ 

LuLstS JiJ^J^I O^ 3 (*^ '— 4^>^ u)L * c <J.$sej]| *SJ^J (Jj^^' ^'^^ 4ih^' dai> j^a lij (6 

Ijjj^aJ 4JLs ia>»JI «jIjjs> ^J^J 

.OjJ-ujLo + Ct-Jj + C^jJj-i ( uj 

. Co L + O-Jj-i ( J> 

^ ibUI (7 

^ LkJI ^-j^JI i^jjJI (8 
.(rMMmjl Jl i_JLuaJI J^>o ^jb^ ^-j J ( £ 




4w >> i jaaaalt! 

:5jJljJl>JI cdjljintl "-jjjc (j-o (9 

■oj>n j23 ( i 

.aJjxjum ,J^=Qi! (_p3jjtl!l ( uj 
.2^111 aJI ( r 

.Ujl(j 

:j>«^jj j^^Jj^JI (10 

. JjJlj»JIj (j^iLstiJI tiiSLjjj/ ( r- 



IjJt j lii^iVl (jjiLstill (11 

•(jj^~~ ijL-uilj (jj/Ls-LlI llLjLjj/ ( j 

ta^tla^VI iiljlx<-u o1j_c*>a (j-a (12 
■jlg-uaJVI i>.j.i aJJ9 ( I 

.03^1 Ui. ( M 

.(jLtfllllj <j£^l ( £ 




-g^'igip ll 1 1 ijt'i llq -c^'in li p il n'i 1 1 tin In II niiinir|oll 











: ^^ ljJ>LJ9 ujjJuII 7r j i^ij e Jj>~j1\ ojufc iuljj Juu 

. ^uUi^JI L>UJ!j u iUn\\ J^>JI ^ • 
. (jr i^=llll L4I3I <5u *i-£>- (j-a dP^' ( t*tH>* ^t^t^ 3 A^jJt-« • 







4-uJmJ.I -iljl.1 .uk^pJkl _^>JI *_a LgJLlLal! A^tjjj ejULl i_3>LjI jl jj-AJiJ 4JL J^=QJI 1-Jijjju (>^=laJ 

Jtl£. aj (j i <a i t, 1 £-}La^l *_a JilLajj JiJS ^j^-m al^j < nil -iljilj (^La^-^/l jl g-ua- in^-ajVI *_a JilLfljj JJ3 

(_£Jl!I J^nliJI j^k J^allll fljjl A-ifel .CjLjjJJ,I *_a j£.LajJ Jii 4jj_*_l!^]| .iljJllj 4_JL«JI sjIj^kJI CjU*jJ> 

.1_La LuljjJLi 4Jjl_<IiJ i_3j^u l5'- )l " j-^J ^^-!' 1 ^JJ j^~-^ J^ 1 — ^"^ (j, a ' "jj LuJuJ.1 dlSLi-L-oJIj 

<^_l>- {ja I jjjtji 1-yLp o^^-P-* <jr^' *Lui^?l (j-« jjju«JI *j <i,Vit 4ibju»JI Sjl tiajJI iL. dP^' f^ 
t_J.-v J J Ll-y i ^j < ** l^Ajt,] LjJ (jjL-qU Ltl^=>Ll!l ^Ij-kJI (jLa o^?L>JI j-j^*- 4-J V 1 ^ "'t? Lg-aUe.^1 

JUta <j^= y .^jj^l LfriLaljlieltJ JUta JyJl^ilL. tSj>Lua]lj ^LUL^ L^a-uL^a-JLl V^u= Iji. £_a 
aLl2JI « jiali i •■_' I mi it, I (jLa jLstjJI ijLua CcJvj JJ-»- jl (_p3j^?l (]>VjL> £_ jl J^>il i^- *'j-" (jr^ JuL ^' I colli 4_a Jl>- 

. <L> LJa-pJll j^>JI £_a J^^J V <*Jl ULLs (jLaL 4JU*J 

: J^—l iSJ I ^jui, -4] ^ ( 4^1;,^,!! ol_JLaj<JI IL. rl^J^I ilsa-taj. 
(j-a JjJulJI Jui3 (j^a LiUj <—^>-l ksj Laj 4-a-Llm ^j^-Li 4i^=Gll Cj|jud,lj CjI Ju»-j]I Jl Jnml sjjj-i-b (I 

. J|juI*-VI l_LJL^=3 Jl ^L^j ^liVI 0L1L* 

. aj o" i n a (_ajJL^=Lj <>Ju4j CjLjjjJLi «.^LLaJL^= 4jjjjJI 4jL i^itl (j-uiaJ Sjjj_iis (uj 

. (^L^lII £J-<il £*j£ '2- (_>-a2J Jl i^JjJ U-a (^^i^ujJI ^lill j-a J^=IlII iAaX. £jl_aJ Ji^ljJ (r 

. J^nllil CjLJIjJkJI uj>5j J>U- L^Jj-colI Otjjj 4-a-LaJI CjUeIIII j2J2i (ji 

. il^atJLl ol j^yi jL^I i^ii jLajJQ SjjUJLI ol j^^II <_p=>^ (_a> 

3 jLjJI J*ij ./tl^-,-,^VI ^Lla "oLj 4^-lu t_uuU^fl Ji.1 j ^l_aJLl j^J aILLJI (>a Jj> Jl ^Lu^^l (j 

.J^=QJI J*ij JLi-l jJI L_uuLJVI 7t Vim AJjJo^ i>-jJ 4" 
JLl ^i-b ^jj^-itl ^U£.l i/^itl JjjJI JJO tj-a 5% j|ojL^=>| oLu-uUl!l ( alalia ^ 4 i -Ij v Cd) a- 1 
Jl Oj| i^jjj Ji=lai] d^bjj.3 ^1 CjUlIHI J|jj-,,il jl oLjuail jl 4Urt" iJjUta 2_ *lj^ J^=QJI 

■ lyJ Uj t lm l JLl SjJlHl ,»JlC. 

i-ujAj l -^l-^J Jlu-a Jl J^— T~,tl p j , „ ". J^— gj (j^L^I I jub JLl : J^-— till ' La i "J 4-^llL uui> _ I 
I Jub CjJljso (j^al 4j^laj jl (JjIjjjj Jl>-Ijj (_^jjj_»iaJI (j-a (jj^~»J J^^' (J^ 3 ^! 4r ^^S ixa- 



.abet! SJb-jJI i% ^ * 



ejl>>- CjU-jJ Juc i_sL>JI J^=Q]I C-iJu>o La SjLc .lLUJ i_sL>JI J^ntlJI (_.j*.jI^uJ V La-Lu pjlll 
(j^sajuaJJl I Jl^jj J^nlill Lti»£ <t^=JL n" ^JJI lilLaJt! umj. (_£?: J^nliJI Lt^a-uL^a-La i_lud. - uj 

. aJJut^s CjLwL^a \ j ^—j~^ <UL>J| ojufc 1L.J j ^— j a ji ^yL^sj^s J^~- ^~3 ' J^-— ^-— (_5jJLiII fda-nJI 

t Lc^uiu Lt>j"i^— itj f-ljj^l j-4^1 <L-uljjJLi (JjLuj i_3jjjj ijjjj.aj 4l^— il-iimj (_L^=QJI Lia^c jl juu 

. CjljJLill jl (jjU-ai! ^"'^-V^-Jjj^ 1 -^ J^allJI jjfcj 
Jla (_^Jj^l Sju»-_aJI IL. l(ji>i^ ljj^=j ^pJI CjLu-uL^I (_>iaAJ £sj_*_a (j_a JljV (J^=Ll]l I jub rt(jii"n ^,^-it 
. (jVI CjLi.iL-u^I ojufc (j-a 4_l1,lII j^—'t't <_3ojj,j jjjzlj j vl»t lj j'ol^^'tl CjlJj^p^aJJj *(_£J^>JIj 2jjJI 

3JU*^(jJI>l^VI 1-5 

jJia ^J-a-CJ Jl^ls-VLj CjlJjp^aJVI <_il )m"i^->I 4-Lla^l ij a ui". CjlJjp^aJJ i^iru^-i" LaJii£. <_JL_JI 

Jill 2-5 

*l£>>- jl ajj 6.023x10 Lfcjl jJLa CjLuj^>JI j! CjIjJJI (j-a 4_La^= L$J Jl>-jj ^joJI ejULl 4_La^= ^yA 
iLuk (jyic ^>-JJ -^J-^ (J 1 ^ VJ *— 'LP ^ - \ l A (jr^ 1 '-^J-* Jlj-ll (jiaJLifl 2 jLil Jl^-Ijj 4 tjjVi (. i i n-*. LiUj (jj^~~ iJJ 

. jjjL>-^i JJuu JJulII I jub ^ a mJJ CjLuJ^j- 

iJj JJIjl ^yljj^JI oj_^' ^W ( «- i ^' ^'j^ ^llLs t_<^o- ^j JJI jl (^jjj^JI ^Ij^JLi (jr a-<_ u jj) Jjll i-3j-«J 

j CjIJjjj_j-<JI JJlC j-iiij) 18 i>jl JtAA (^yjjj^*. (jjj (jyic ^jTcvj H2O jl ^\iui *Lil . CjLalj^>JLi ljjti>3 

Ijj cGl dilj (^^L^aj ^Ij^. 18 j^ *Lai! (^>>JI ^lj^>JI o«La cP^Lij ( &j-*l\ '4- u \^\\ oLij^^l 
. *UI (>a ^>. 6.023x10 23 ^ ^ji^J L^La *UI ^ f ^ 18 LbjJ oL^= 

^ii^VIJil*il3-5 

(_5JJI) ajj sj,^\\ tjjjl^— Jla jcJLa 4J LuL-bi lil J^-— ?J ^^Jj'".' -^'j J^-— ^ L^J^ V j U ^ 1 1 ^U.1 >L*La^ 
. Ij^i^s *->-jJ~} -ii-i>J -^'J j^-— Jl J-u-ajJ (jl£ ( dUI '£— 4jjI jl J if 4j]L-uj ^-^-J- ^^J^' <J1 J_P=^ 




OffWi 





ujfai)IAjall4-5 
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e e 
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© e e e 
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© e © 
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© e 



Qllu > flg-.11 phS.Utl (1-5) J^-,, 8 ;, 



4_j t4ja- Vim (^^ ajL^-ljltl jJLiJI Cjljj <_>^a-*J ji J^so ^^^Ltlj^l^aJj J_oLta £- AjjJLa £\-ui Cjjof Ij! 

».t.V. ..." V JL>JI ^-*f^QJ ^yjfc .^^Ljjp^aJ^I J^oJLsJkl 4- oWi-^ drS- 4 -* ' (JikJtl f 3 o^«Mj iIL>> 

4^=jLj i_!j^^=lll <Ll>.jjJ CjLJojI JJ J^o^eli u ^'^ LiU jJ i il^LtLa 4j}JLa clsljj ~°jy^> <_^k (_yAj tjLljJiJI 

. (JjJLsJklj j-Lill ^rLi (Jj-aLoJI -»• La i all j ie l^a. 3j-^ I niij LlUjJ 4jje_uJ -j-l-ill ~- La ■ u (jyk L^jIJ_jP^=lII 

f-LaJj! ^Jl CjLJjjI Sjj^s ^yl^. ^^Jj^l^aJVI J_ol>J.I 4- oWi^ 4jjJLAJI CjIjJJI J-ua f-U-jl (j^->«lj 

aJLj-jJU (_g T jljiTmiVI ila-j-s ij\ Jj_i^jU L^uu-uj L C,jlal\ iJJjVI £>£. OJJLUI SjJlII '£— 4JaLLaJI ^jlsta 

4- L^J-*-"-* A_ul rtl'itl CjI^-ljuJI <LaL^= (j| (_3j)jjlJU (j-«a-3 ^j^-i o 4 AJsLLaJI (jjfl ^j" i ii a (_^->-il l(jj'^ lILLo.1 ^^jJI 

.CjIjJJJ ^LLaJI ^jl^Jkl (J^jSLO J! ^-JJj i^JJI oUo^l 

•.(^VLi C^iJ_jp^=JVIj jJLall ££J Jj-aLill yda-uJI Ju£. 4jijJLi]l diljjJI O^J- 5 4jU<* J-ll^ J^-— i_' 

M -> M +Z +Ze 
.a^jJU a-uj^^iII cjLl^AII <>a (Z) ojIjlL* j>j^. J^»o jjLijJJI jju ^jJLHI (jjjVl = M +z 



■6iP^=JVI =e 
JjL-JI ^k (jZu L^iLa ^Ugp^JVI Lai <GjliJ ^k SjJl2JI <d jj^VI jV J^kJLl J\ s^>^ V^' Oj/^ 1 

I -1 j Lu Jl^j>JI 3j-^ Jl d>di S^J-^ 4-Lse-iS) 0-t!j£p^=J "iflj 4jJL_u 4 Lse mi j-LaJI ( _i i ""'^J ' OJ2j-!l *_« .ijjJLUI 



.abet! SJb-jJI i% ^ * 



<_JL_u ^jJLill ~U,..tlj t .j j^— ",tl 4_^»-_a^j AjjJLaJI CjLJoj^/I (>L) i _ / ^— .uLi i "Jj;"^-— ^ I ujJUeIII jl JJjj 

j-SLuj i i^v^XI CjLJjjVI (j-a 4_iiL J^— ifull ~U...tl jj£. p^— lj"" AJjJLaJI oLJaJ^/l (jf Jl>o lLU jJ i -lj j^ 1 — ill 

La OJl^oj AjJLuJI CjLjjjVI x_a ^-jjUtlij I Ju*j L^lSJ^ (^aJj^^aJVI JjJL*Jkl 4- ^=->U ^Ljjj^l x_a 

(_lc 4_L>-^il CjLJ^oJ 2 1 j J ^-— >j "' iOuj_l .( 1-j) J^— » ■"■ ' Tcjis^o-a ^jjfc I i^~ ' L.^'^'J j^~* (j -1 "' * ' (*-<-"! ^ <1 ' " } 

S jlvoJI 4- J^ <>> La>Li>^=J tpil) jLuuJVI Sj-fcliij J$L>Jll 4- V^' oUjjVI J2I2 J^LaJI ~U,,.tl 
Luj^^JI infill dll JJ Lu3 jl jj3j Q^jVI j^=>^1 Jj <^Vl j^=>UI (>8 "oUI L$j J2UG ^!j i_ulil! 

.^y^JLiJI 3L_JI ^ aJUJI 

p'^— 'lj" *_« 4-lj.t.LO 4_lLj_*-!I -il-ij3j 4jI JljJI 4_ }Lg-<-u ,jj^~~ '_' LJI i^A'ilj i^»-j^a CjLjjjI ^IJ j-Lill ^j'ji (Jj^*^ 

jljJLs dllj Juu (^^JJ -jlail <-dp jliJI oljj •jU'iinl ^? ^1 ilastUI ^JU ^p*. jJLiJI ^ic. 4jJL_JI SjbtAJI 

jjbj ( _ r tla2JI Jl^j>JI jl (jjljjJI Jl£>- ^ a < njj LjjIj (j| ^LlJj^1^=J 2 1 (JjJLsJklj AjjJLoJI ijLi-oJI (j"V ' J7~^ 3j-^ 

^Liljjp^aJVI J^aLsJklj jlAJI 4-<-l,lL ( _ ;r Ll J-aTnj 
jl jJLUI (j-a JJ^=I diljji (jl JlSs ^^ aJ^Ji LiUj jL^= (_,iVintl Jl^>JI jlj 1 ai^=> 4J| LtA ^mui'l (jl ^JalmJ 

XuLiWlbi&ll 5-5 

tdJi (j-L^aj >H /J>al oj^=>i J_aJbta 4- J >* i - a (Fe)^ JjJl^ ^j-l-oJI i^>J! 4- (2-5) J^=u<i 4- ^^ 

(j-ajjJ 4- v' ^ JyJ^I r^Lal J^-l (j-a <jAi>^ (»'>*■ 1 O*- *J^ *^' 4- LI Jua LpeJLa V^Lta LiJLufc (jl 

' ajUtl 4- .AjJLu CjIjjjIj i^>-J-a CjLjjjI (J! J_pejj 4JLa *UI 4- 7=^ ijli] J^- -=*-j T <_3jjjlU (j-a . *UI 

(Jaj J i ^i aj .*UI 4- *jl j-ll (j-uUtlll ^-M-«l Jl»-I (j-a jil /J>« 1 jj'^~! J p (jr^ 1 L^J- 1 ^ (Cu_) ^^.aJ <j-"L»J <j-*f^l 

(jjjljsJkl Ja^llL>.l (j>s Ju>JI _ajb g.1 iiitll I JlA (j>3 (_p3j_ij|j (_-al i u a -I i .gg «U_aJbtaj JljJu>JIj 4JjJLre.aj (jj/L^tJJl 

(_3j^u CjlJjp^aJ^I jli Luj^^= JjJlj»JIj (jj/UtiJI LtJLajl li! .A-U^^-iII SjjI jJI 4 I o ^-i" Cl^_aJI (j-oij 4-j 

^ytLJS Jl^ jj 4J| jl) ."<l*w^"^^NI t ^ At jil^nl J^us 4J JjJlj»JI (jV lLUJj (jj/UtiJI Jl JjJljsJI (jj« JZuj 
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^L^JIj jjjl^U S_uLiL>J! tiliJ! (2-5) J^.t, 



Fe — ► Fe 



+2e" 



Cu z+ +2e" ► Cu 

U-ifcj ^jLoJlita ^jlJJuta J i <ajj ^..-l>. 4_uLal>JI <-iL>Jljl X A\ J -V 1 ^ Jj j^-— ?l 4_lL>J1-I (2-5) J^— .*:.tl q , „j 
CjlJjP^aJ^U VL£Jl LiJLak j1 Uj .((^ubtUI 4JUJI jufc 4- J-*j) IT 1 ^-^ 1 .' J^ 1 i-3jia]| ^guijj 
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cru^jLkJI j jujistD ^UUJI iULkJ! (3-5) J^-,, 5 ;, 



. 4-uj^^-iJI 4jlsI jJI a^SJLl I Jui> J^>-II 3>^ U " ' "ii 







ajjLxjai^iuj^ji^i^is^i 6-5 




^Ludl tjliJI tiu^i (4-5) J^i 



4 j i nitLi oJl^>- <j-"Li^ -^j-^' o^^' Cy 3 uj'^~ l J ^-lL > JI ^yi ^LiLtl *j^>JI .(4-5 J J^— > uj Tdisj^a jj*> 1 o^— > 

Alk-ufcJJL IJljJJ (4_jjI_l*J.I AJliljJI S_aiJI) L? lt>._ajjLjjJI C-JoUlj ^LaJjieJLl (jjUJLl <>U Jl^>JI Jj^a (1~5) 

o^L^= Jjj^JI JA^I LLlaj Ui^= .aIluIJI jjUiL (Pt ltj3>Ll!Ij Au <_^JJIj Ag l<>>h\\^=,) JjJl^JI 







(1-5) J>b. 





4**<>J1 


^jLwtaJi iAsJl 




All 5 * + 3e" Au 


+ 1.420 


* 




Ptr + + it — Pt 


-+1.2 






Ag + + e~ Ag 


+ 0.800 




Cu 2+ + 2e Cu 

Pb 2+ + 2e -Pb 

Sn 2+ + It Sn 


+ 0.340 
- 0.126 
-0.136 




Ni 2+ + It — Ni 


- 0.250 




Co 2+ + 2e' Co 


- 0.277 




Cd z+ + 2e" Cd 


- 0.403 


<^i) 


Fe 2+ + 2e ■ Fc 

Cr 3+ + 3e Cr 

Zn 2+ + 2e Zn 


- 0.440 

- 0.744 

- 0.763 






Al 3+ + 3e" Al 


- 1.662 






Mg I+ + 2e Mg 


- 2.363 




Na + + e Na 


- 2.714 




K + + e" K 


- 2.924 



L> ^yu Jjj^ {jejLuj^^s (j^-u-* L y^ya I i! 4J? (1-5) Jj^-j (3-5) j (2-5) J^=-A &a Ji^MJ 
St A to pji l^j jlc 4JLa ^yJllJLij (jjjVl ) LLLiJ jil^=VI j t.-|lt j~,^f J^=Li (.jL^a^ ^^JLi i_dJj 

(J^allll (jjs 1 ^"jL^>- 3>^ <J1 ^L^V^ 1 '^ l<j'" a M^ (jjj-kj cP^' J^^ 2 *"' aLclj-« >— c--vJ Mia 4-uJul/O 
Lk.ij_ui (j^~»«lj (jjU-aU ^Ijoj^jjd^-itl J^allJI 4_JL*C 4- liO-*"^' A^aLjJl CjUa^MJll (j^s JiJlC i_L!l_ui> 



JSuJI 






. C^Jjp^aJVI (j-u-fl-i Ci a j (jJjJLI (j-oAj <j-a 4 iill-rca CjLu^spJ ,J^=LlII A A or /*jj JiJS (i_s 
Tt-iis^o-a jjb I -i '— • ^j^- a.a. ^_ lA- 1 ^ 5 J L> 1 -' I (J-*- '"'J JL?"'^"" 1 (J '""" '-^ L -' VJ O^*-^' U "" l/^ 3 t*-^ 1 ^^ h! 

.(5-5) J^iu 




H+cr 



C^Jj^^aJ^I -i^»-J 4r U Jl *-*^ ty-^J- (J^=^ (5-5) J^ mi 



JSOJI JJmuU*- 7-5 

(Corrosion Penetration Rate)^^^ J^=>IaJI jl>£.l Jj^>-« <-iLm.-v. ^ 4*jLA!I 3>^l lS-^I 

:^^CPR 

CPR= KW 
pAt 







.SjUI ^li^= = p 
^jJlj ^jJtl j- o ,-,;,, ,tL i^LJtlj L.^.jior,;,,, J^=J f Ij^JL, ^li^Jlj f Ij^UL, W 1;,,,,^ lij 

SjJ, ( _p_iJ^1^3jJ (JjJbta ^_<>JlC.IjJ9 t£^=*-j (jr^ 1 J-^J («-<-ul «L«JLi5 (J^ia JjJlj»JI ^j^a ( i<^-i a:(Jl!La 
jj^l ^ JL&Lall o^= lib '.'«^> «j""».im.. J^ 1 f L>* 7 -87 <^> ajJ^I iflli^a C^l^= lij .^lL^200 

CPR = KW 
pAt 

87.6 =K 

r \j^Aa 200 = W 

^^^ j^uiuu J^=J f 1^ 7.87 = p 

^L, 200 = t 

^llJLjj Igjlf *-i^J < _ 3 jJI a Ji£.La]l LfcJusJ <^j\ ^J-ua 4J c-ut^aJll^ i J^=QiI ilisjjdl i».LuJtl ^ Lai 
t <_lUj (jyicj (O-tj/1 4- *L i ? (Jjia *-Jj-« ^S-* (jr^ 1 *^J^' •*^*J' 4 - u^»a» (jylc QJ^~~ '"' <LijJLJU <L>.L_oiLa 



fJ-^J 



u 5 = 1*5=A 



CPR= 87.6x200 

7.87 x5x 200 

= 2.22 

.ILua J^-itjTLa-Jia 2.22 jjfc J^=QJI JjL^' J-^-« ij' 1 -* Lr^Lj 




Jl>«l»k 



*}LU11-8-5 

■ 1 (jj'q (jLijJJLi (JJulII CjL>jj2 7t a i n" 2 4 ajiaj (^y^jLiJI it-i i nj.II <j£. (jJmJU <Jj-C j-fk <LLu-uaJI oJuk (j^a ( _p3jJ«JI 

. ^j-l^JI *}Lk% ^ju^MJI ^j.^\ltl ^^LkJIj ^Judl *MLJI ^j *}UaJI <>a ^1 &yut aJLlA 

^jud! ^^vLLaJI 1-1-8-5 

■ A-uLaL>JI 4_JL>JI 4- ^yjj^^aJI *}UaJI Sj^=l3 Lbej-bjl jSj Luj^^= *}LL jj^J La 2jLc jjb 

(jjm-a 7-^Lal Ju»-I (jylc ^ jTcv j (j ^Ll!j£P^=lJI (JjJbta ^_ «_iisjj < j^>-l ^Jjlaj ijJ^LLs -ilj-U < (jju<-ll (jLa Laa-a^l 

CjLijjf £_a CilJg/r^-it)?! Ju*I3 d^p. (oUg^=JI ) ^Jo-a^fl ^JulII Jl ^SL^a jLu jj-aJ ^ *}UaJI 

(j-a VjiJ (J^sLLlS LLaLfuJ j"i^->I ajLa ^j^a «.^LLaJI (jJjla QJ^~~ >J J^ .4 j-r Vi i u 4-ajia (jj^~»"t *^LLaJI (jJut-a 

*}LtaJI 4_u^L^ <d <l^ *>LkJ! 03^=^ jl cry^jLiJL. (Fe) jjj^JI *}LL dHJJ Jlia ^koVl ^jl*!! 
J^=Gj V «u^=Jj ( 1-5 JjJl^. jiaj?) (Fe)jjj^>JI <>a Ja.^f (Al)**^^ V I ot >Li« Ji^Mi <>^ ^1 JJI 

.(jJuJLl 4-uL) (^yjj^so (jP-II 7r La i ntl (jyic A ^LL a^JVI Jlj i h^— >l 4 iijlo -i>>-J J-* <-iLI J 4r '-. '.' ' "^J *^J)4 ' "j 

ijr^MJI ^ji^MJI ^MkJ! 2-1-8-5 

l_JLua.il *}U_ LiUjJ JL\a .IjiJ*. J^nliJI ajLSj 4_j_j_»JI JiIjJ.1 jj _~f>- 4_j_J-*- »-*-* <>° »-iLc UJ^J 

.(J-lL—j^ojJL) 

^^c^J! *}LL_1I 3 -1-8-5 

. L— jj ill Jj|) LaJl J~'^~~ >l _r^_J 4 h" aa 4_u_j *> 2 — a ■ la »" /j-^J 4J^-a_d^aJ -i'_9-4-l a JLC ^j^-—* ' 

^j^L^JI 4jU^JI 2-8-5 

CjLjjjI ^1 (JjjxjJLI ^JJulJLI CjIj jJ 7t a i nl ^? 4j>.jjJ CjlJ^l^aJ^fLl (JJulJLI JiJjJj _a_ft> 4 Ij i njJI oJl4i j2>>s (jiajJiJI 

j"'^~~ »l uJula 0j\ Luu ^~~* I j ■ > ' ^ a Lai i*ilijj"^i i VI j.ii/^a ^j ^— > ) . i la j *- 1 , 1 Ja-maJI £—. (jujjJIj 4_L>-^ava 

J^-i mi .4-p-iAiU SjiULi SjiLc LtaLfuJ jJ^nVl (jJuJLl ^ q uij. .4jjU^ jlj-ll JJ^aXI f-a Lu>4^= >l i^i'a LLLAJ 

Aj^jJI C1l--vj 4_i^5Jua ' JL aJI ^j^a 4_uJul>s a I i ii i a (J i ajJ <>t.-L>. 4-LSe i ia a ioLd-l 4jJ^jL^a 4_iL«j>. Tciis^aJ (^O-jJ 

' li i iiji! i^>._ava CjLijjI J iiiijj SI i"i t a It CjlJj^p^aJI ajj i nir Lll ?r i^j -^JJj< " ' r LI' (jj-^J LLaLfuJ j"i^— >l ajLaj 



JSuJI 






xWVV 



, 










uLjjiSJI 










iia,jiri cjLjh! 






l_illjj| ^4 




Me 













fjhT-'i qjuLu £lLui 



|^*«icUJ 



sjU! jjjla ^ ijjjjL^JI ajU^JI (6-5) Jf^i 







J^=llll jjkj J^ntlJI fl^Jl AJkfj dl^-,1 ilxj La^C J^=>Qj| (^^ 2 Jl>-^JI ojufc 4- L-^JJ" 

4_lL>JIj iUritl Jl^>JI 4-i-uIj.} Jjjjla {_y£- (^yjljoj^aj^xj^— ill <J^=Q]I 4-i-ulj.} /<kJ .(jjLtflU ^Ij OJ^aJj (j^-i II 

(J^allllj 4-Uj_4^=l!I AJjLLajJIj (^j^^aJI -^ LaJI AJjJaJ JlaJ 4_lL>JI ojufc (jl I ^^ Lbe-Lojij A-uLll>JI 

L4I3I iVt cL^p> (j-« ^j^mi <_j_u^3 4_uLl^=j AjjL-LtU 4_uLiL>JI 4_lL>JI tiilj Juu LlIjLjj (^Lj "l^^—JJ j^~-^ 

Julj LlIjLu .(J^allll <Lp-LJ (j-a Xi-*^ lP^' j"i^—it (^yJfc L^H^-^'j (-xAJJI JLa ^JLliIII (jjUIl (j| Lbe-Lojij 

.4jJ>jjL^=JI AjUj>JIj 




:^b J^stall (1 

■i!a-L>JLl _a^J1 *-xs LgJLlLfll! 4J5EJJJ SjUl (_3>LjJ j! JJ-4>Ji3 (uj 

.oljJLaJI <-_t-u^aj |j<r-> jjb (r 
:J^stUI J^slA« <> (2 

.jL^Jj L^- LtA J Lj-a CjljJLill <_>ia*J jljjl a^Ljj (r- 

.uji (j 

.laU. (j^^aj^t jliV (! 

:_^> Jlj^V! (4 
. '•'I'-jj'^N S_j jlJI Jl2^ a-iLwi (I 

. Clljj/r^-ity SjjJI ^l,„-,^l 4-JUiL (c_J 
. LkjL_ui ril'^'i^NI jL-al>.l (r 




:^k JjJLI (5 

6.023xl0 23 Ujl j^ ^^j>>JI jt oljjJI ^ 4,o^ L^j j^jj ^1 sjUI i^= (^ 

:^A ^ul^-^-itVI jy^JU (6 

. *j ' <^— ■ CjI 'Jjj"'^~~ ' ') 4j Jl>-^_i (J^Jbta (< ! 

.(J^=LjJLI j Uria (JjJLaja (r- 
. >^=J U-a s^-i^ (-J 

t^kiJI jl^I j!j Ul^= (7 
. JjUJll^.cjlijjVlcJS (I 

:^fc ilaUJI £pU1 (8 
•j-^=j U-a s^,-^ "^ ( -i 




:4& XJj^uu J^=L2j V fj^jlVl (9 

. i Vl mi ) (jJUL^fl ( (_! 

. Aa.ti.aaJ VI Li i ■■^— >| /yj 4_l<u>iJ 4-4Jt-uJa aJLlLs 4-LLg, ^j^— la ■ la ■"■ ) (JJula ( 77 



uMI -oUI (10 

. tia^pJkl .U...jt| «_a J<~ I A",". V aJLsL>- ejLa ( I 
. ( _J^=Qj| ^j^a 4-l<v^-l2 Ual in ) (_p9l (JJulaj ( j 'j j ^— > J 1 ^-"" 1 la ■ ■■ ) (JJula (r - 



i La_d *,_<iV (j> 



:^ *}LLJL> J^lUI Jui. oU>JI (11 

. LJa-pJll Ja 1 "j II (j£. (JJulJLI (JjjfJ ^Iji nj (I 

. CjLJjp^aJVL) (jJl*Jtl JlJJ>1^ ^Iuj/J ^h- 1 

. J^—I~,lt ^ajLla ^jll 2 jLw (JJuJ.1 1 a-ti«J (r 



•Si 



I (J 







4_i_L) (j iMjlJLa TTjJlJJ 1 j ' a I J 3> J e-SUtl <Ll*j (j-L) 4j9^L»JI 4-i-uljJiJ p^J i^ 1 -^' («J-*JI 4jLj jlj-U <Xc l^jJU 
CjIj jJI jl aj JJI <>U LkjI^pJI AjC_jJ JiJljso ."<1*w^"^-.NI ^ jub j«l^_-,tl ,~,r,j^~^-.tl ^j^Li i_3jju cr^'i J-f="^' 

Lbto-bjl alj Lkjj^pJI aJLjJo (J^/LjI JUi ( aluaj L-uL-uf j>l_aJ,La (^^sI^jkJI ^ju^-JI ^LlILj oUU aJj^-iU 

(JJ/LlLo (jyic UJ^-LCJ 4 jV-(iiitl UJ^_L»JI (jy-^J »J JJI (JJ/LuLo j^gjj I n (jJ-C ^3^ 4" lP"*-^ SjL*i! 4-lL l II ^-l^fC 

-ilji.1 (j.ol^ai. 4- a^slScjJI 4- uj^a^l oJl4> aIjlst'iihI jJ^slaJ S^->U,..tlj iLtlaJJI <-Ja-UtJI (^-Aj. i-dJj > j"J.'^~' 
.ejUJJ ^I^jJkJI rjj3 4- ^=l5bj1J 1 SjVirtitl <__i^_JJtJt q£. iU^LUI < jLijjVI aj-^Uo JMJlL-uI ( 1 

4_^Li <>a (oLc>UjV!) i_xkiJ| ^i^l 4- r ^~-tl ^jl= ^£. 2,^,\\^,\\ ^\ 3 ^i\ '£_ ^ — -tl (2 

(«-^>- £—. p^~ » -»"" JjjjJa (j£. lIU j j^Lj^ 4_LSeJa-cuJI < l^-LtJI 4- p ^~~' ~-'* 1 ' I l$£J^ (j-^- (^j^\^><i\ 4- P^"""* "-"' '' \J 

.Ll;lL>J\ o'jJt, (j-a LullII 3 jL»-_aJI 4- "-^-^ Lix-<^jf -CjLi-liaJI 

a ^il",-»^ jljial 4_ki I i ii m i ljuI < r nil /q_i_uL> i_3j_*-i L4-i i 4jal aj a Cj Lua ^— > ) a ^ * !"-»■« ^j^>LLc Cilji ^y3 Ja-tl>J I 

4- p^-i-fclll (Jjjia (>C. SjUl L ya\y>- 4- p^~ '^1 6^~ I<1 J ^^ (jr^^L'J Lhi^ 3 LhH^ *- i ^' Lh 3 '^ (jr^- jAj" 5 

.AllliJI SJl^-^jJI 4- L ^-ta Lbe-LQji J^J .j-calltJI ojijj Ll»^sJI 4 jmitlj ilaLkJI jj-al_t£. 

(^LlILij cdjl jintl jl^alsij 2jUI 4_lu <-ja-t^ 4- _AP Cr^' ^^J' J^I_aj«JI Jl>»| ^^ (j-LJt^ulJIj Jj>jUI oLJU^ 

CjL>JL«J,I ^ <i i inj Jl£^_*I<J1 Cj^Julaj l^^-"^' 'j'j-^ ^-J- 5 Cr^ 1 ^jLJ-<W«JI J-ib JlaIaj .IoUI (^^sl^ji^ (jr Ll 

.4jljIjJI 2jL»-_aJI 4-^LJUaJI eJJb Lbeaisji Jl^j 4jj|j^>J| 

Cy k. J"£*J t^^-" D^' lLLIJ ^J^. J^=QJI I juk Sjjlai^ Jum*J .(jjL»-*iJ OJu>o (^jJI ^Lut-t^ajj^aJI 

(Jjljjis Ij (J^=QJI I Jui> 4_J| p^S .(Jj^- VI (J^aljJlJI (jiaJLJJ iVij^U i Vl i njJI fj-lj ^J^' 4" t — ' ^J>^ 3L ^f ' fdjj^ 

.4-tji_aL>JI I Jl^-^jJI 4- ^^ Lbe-iiyji Ji^j -i'j-1' (<J^- 4- ^^J' Cj Lc jjis jll (j-a jjb 4_La <^L!a>M t3j^J 




-g^'igip ll 1 1 ijt'i llq -c^'in li p il n'i 1 1 tin In II niiinir|oll 
















(«L-L>. (_gj <} *> U (JrTT rttl (jj-i l(jtji L<aJj L^LjjJ S-S^»- ' t-l i I a J <LuJulU -ilj-U JJ-^iJ (J f^ U ^~~ l °J * 

; 1 /j ^ A I ^j-« 4_aLJI Cj La a-Lt.1 1 ^j-* 3 ^j-W (jA^- *">«• (J-* J ' ^ "*•'' 







J8$&- 







(3-6) J^i 




yiill jjaaJJ jjajJI i_u%p" £■">>■ iy*^ »jj^ -©J£ui 









«jj LiLjLiuJI 4- j-^aLj*il e_<-<-aJ i_3>Lli*L> . (JJlaJLI 4_lLl? 2\j^-.tl idJjieJLl jl^is^l ^,^1 i_3jjLl!l - V 

. (jjudl (_>! L^lj^l fu tpJI 4^/tl^ijU j| ajjIj^JI oUJUJ.1 Jul u*j^\ - i 




/<Jij_La CjL_lu>J I J^a-j, *li3-}tjj j_*3-^/l ^jjj Ljtll I <j^ **-L^{ Or fc)) J^zaJo 











: (j^mi (j^LSeJS J-&XA 

(jjL»J,l urates JL^ta 4- ^jJtl^ail j_iiiL>JkLa liUJJj iaLLJ, j_»_c. Laj^m 4_ujuJ,l cj1_Ll«JI . (j.sL*Jtl 0^=^ 

/«-J 2 0j\ 4_LuljI /- Lg Lj 1 11 tj -j 1 >< II 1 la 2 1 " ' <>i._L>iJ Mi ' -^ " ,jj ^~*"_J **— L j*^' j_j il^^l i,. II -j tJaJI a Jl^t" i uJ 



IJ (j jLti, I (J^l-r 1 ^ J^3EjO * Ij^. I /«_& I 



, ■£ Jua JJ (, 





ilill(«lA 



^ajJaJi (jric (_>^-*-> "^H*" j 4 - >1 i>-'-" (jA^- '^"J- 1 _J ** i njf (J^L>- ^^^a-iis jXt^a ^j-a <^.,-t-i_LU »a uai\ j-a-i - I 

. 45° Ajalj-J i-ta2l uJI 

. x_a>UI 4_Ll*]I gJ j^i^. SjIuSJI L.uJmJI J}L>. 

4_i1l*JI 4_^Ju«JI Jl rL^J-jJI i»Oj_iij LiIlAJI ^JmJI J}L>. »J /Ml *_«}UI 4_U*-JI gr Vim jii^-itj - Cj 
(J La ) (jl ^j^— » i ' 4_i_Ll*jIj 4-U-LcuJl CjLujJulJI £ya 0j.l.Ji3 i j ) '^— < -\ ) JJlC a I Jua-" i lib . 4_Ll*JI I j * a t£_>3 (_jJ-JI 

(I- 7- 6) q»^i mil . ij-A 10-2000 uruLa <^>^l ipbdl ^^Jaj^* 4-j h^-.-H 
. SjMmtlj 4-iiLtJI cjL-uJu<JI ^jUtuisjj (jLJLlJI (t_j - 7- 6)j 






t 










vwj 






^^^1 j^m 


j-° *>»■ (' - 


V- 1) 


4_u_ufoJI £j\ i oJjlI 


(j-a icjjj^a 


JWL, 



: 4_aL& 4 Vi-»^La 

^ j — » ~— ^-» ' ' tcjLu l j J o i " "'< ■ -'I £—. 4"jo it) 2 ^j j "?" ■ |_j-^"" flJl CjLlLoju aLlSJI ' *^* J ' '^~~ '"'*' (-r^ <— ^-*Hil ( _ t ji_lIj 

(jl (j^— i oj 4_u_l*JIj S^m mil CjL-uJu<JI jj^a ^ -t - L« J (j^~» <1J -SJlC aI JiitL-uL) 4JI Ljj^=j 1 o^— >J ( t_gj (j ■> 1 1 
ujjjis (Jo-aL*. 4_ujjJaJI j_4>L>iil /<\ Vit a ^_ ^Lj-Lll jjj^— i"tl (jj^ij <^-l>- jjj^-i"iI1 4 lil'Agja /<uJ3 (jylc J ir^i*«.j 
^^O-iis j j ^- 1 (jyJ-O-II ' ■ ul^aJI *_« JjJ3j-« (jyJLlII (JjJ^>JI J 4 ^m mil 4 ' •■ JutJI j 'J^~-~ <4" ^j-'j-*^! a , ... t»tl j 'j^— •" 

O^ioUjjj^-.tlc^.Jlio^^jj LEITZ METALLUX 2 JL^jU jjUI ^^^ ^U. 

- : 4 j ij mllj 4_lLl*JI CjLmJmJl (j^a 4^1 a.gj^a a I Jljt" i nl (J^L>- ^j^a I fetlg U J ' a **" 







4_^l^3 


4-lLlaJI ^ mJutJIj-Li^aJ 


6.3 


8 | 10 | 12.5 | 16 


25 


32 
63 
125 
320 
630 


40 50 63 80 
80 100 125 160 
160 200 250 320 
400 500 630 800 
800 1000 1250 1600 


125 
250 
500 
1250 
2500 


5 


10 


20 


50 


100 



ai ij^.% oij^vi 

.( lLLjJLI 4 1^ i ii 4 j » ^— > a jl 4-u|jJa i u| i_J L<aJI j-« 4-Li£. )L^ '-~--»'a jljJtl 4UjjlII ~ Y 

. jL^lij JjJLta- 1 

. 4^L* 4^Uj - V 

. >JaJLa «.La - A 



• CP 1 



,UI 



D^^tnj ^La- (jrJJ- 1 ^ J-4^ 5 



- 1 • 






(j-ia^ta ->|^J LaJtl£. }tj-a^ (jr-i-a- iitl j^a i_3JtjJI (jii*«.j <_ 



1 (jl ^-ia (j-a 
til Jl^Jj <j^ 






0U0L1 Jj^jJI i—t-t^apJI J!uj ^j^-VIj aIsjjJI 0U0L1 Jjj^jJI ( .'j^"!>^l lP- 4 -* U-&I jl>-I jliiui Jlj-Jj (jf 

<lu«JI ^Ds 

^ * ajLsLjf i_< ♦^— a J^ 1 — ui (_^-i£. 4 h«I| « ta2j _ 

,jm(I0- ^ •) L^lLijjl Liajlj A* Oo - \>) 



j-L_i ?-j|p_j |_<i>j_LaJ9 SMjU. - --T j;T f«--a ) 






. (_£jjij j I i"iia i a ^ LaJI 4 i ia a he * I , I (JJulXI » '-- S3 - 
(_P-JI SjIj-^kJI i— c-belJ lLUJij J>£hp <_pL" ;>ljLSr"mil ^J^J-J *-a LlIT 4-JLJI ~« ^ <^»tl CjI j tj-iU-U » ta 23 _ 

Jl_Uj_^= (j_a 4-g.j' i^-iU oj ni ir^itl dlL- j - ua . 4_ajj<_) 4-^>-J-S l_ 1 1 m~>- (J_2>-lj_a 4_*-)jl (jr lc aj Vi->1l 0Jl_4> Jl^Ij 

Jl^Ij oL^>JLi i_dj^>oj A • ) <Laj-*J <L>.j J ;_£ j Sj aj uaJI jjjj (jr^ 1 ** ^~>.< 4—4*-^ (jr^ 1 L ^* ^ ~ ' 

. ■» IaJl] I 4_JLaC J 13 1 (j-a ^J a I -»" ' (-Tl>- aJLs-jJI I <> JlA > a" 1 nlj 
fj-lll Ly jg. 1 ^3J^e3j tj-p (0-3 JjL^JI oLsoVI (J _l£. (°V) jljJLgj jIJl3j IJl-o> A-LulII J-miu - <_! 

. LaLa-i 4-3-1 1 i nil a aia.>J I jl3l (Jj)J3 (j^>- ( Yi - ) A^jju 4^.jl (_£J Sj a * 1 -^ 1 1 JjjLj (j-* 3 (jr 1 

. ( 1 • • ) 2 j ii i 1 n 1 1 jjjj ^- a J JI - 1 ***J^ '<i.ft (jj^~»"< <_P-!'j °fc}*"^' ' *i*-j-*il (J-23-L1 - J 

. (Jj»-IjJ,I J-J-4-s- 4r Sj^iluaJI ^JJ (jr^ 1 *^' Lh° J^rP lS^^ 0' S- 1 ^ : i^>-^° 

Jl^J! - £ 

: <Jj»Jj-a o^l3 (jr ic Jrii^itl 4-iL^i Jloj3 

(jlt-a Aj-til^l Lli ■■^— I tla_u-uj Ai^J <Ioa>^ a *_a jljjJI ( j^>j^al\ (jyic 4-Ll*]I *_iisj3j J* LiaJI jLg-»- J « miJ ~ I 

.(jjj^n_ps *,V (jj/LLa (_^j Jri i^itl ila-u-uj x_a (j^~i tj iajLtjJI <LL»-j_U j^^a3j I Jl;L>- 4-LL t JI J 1 gju ~ uj 
\jua z -k la 1 oJI [- ' ' -^ ' (jr^- LJLSJ"^^ 3 ^!^ * > * ^ ^j-uLS-a ^jj ^J^jLaJI Ja-Uj/J x_a ^j^— > la 4-SjI 1 nil aJL>-^JLI jm ^— »" - -r 









<■ 1 1 ulla jl^kj J_al^a (jJuta <J^=-J -=V_i1 , ^-f > - ^-4*^' f^ <-"""*• <— <-i_ul_Lt,l jL^la^l J_ai^a jLpi«-l (<UJ ~ 

: (jjLtflJLI (_£j^>J,l ^j^.-»-Atl oLJL»£ '2— A^jLJeTLL-u-U jl jtA.VI JJL^ta j<uki ^uu (_pilll JjJ^>JIj 



Lu-iai o^ui 


J_aJbt-«iJ ^LtAO^aJI <_<-i£=>i]1 


jUfeyi J>~ 


j_4>jJI JjJls-j i . il i^itl CjLLui 


J^^t^a X<u + liL^Lull c^c^ '/.y 


J^l 




Ijjj JjJu»J1 JjjjJL^= Jj^. 


<_,JaJ&^=JI <_lbjjJu»JI Juj_ai^= 


4^-iIL-i-uj (jjjL»_Lll 








i_djj_alajj jtjuk (j^i o~». / \ o 


<U3_aJieja ( _paLiJ*.| 


■J^— jl J 1 uj i^tll ^1 


j^=j_a tlbpjiJI (j^xi't. /YO 





. <LcL-u <L>-I_».j £_ jLgla^l (JjJLta (j^a 4jq^-i *_iisjj 
4 i na^La^ if 4_Ll*JI ,jj^~~ '"' (jl (jr^- J j ' (J^-lre-a ^_ ^j^**- flJ ' JulXI •- la ■ uJI (j " Q+Jj 4-I-Ltjl i £J i u <i s 

. 4_lJIj Y* — 4_JIj Y- JlTulII J^aJL^a 
. i a-fl^Jtlj ' a a >«JJ j La 2 1 , 1 «.LiLi Sj_iil_L>s 4Jjj«JI J < ntl jLgla^L? <L_i_ul_m 4_lLojJI a JlX I s-L^lJl Ju«-i 






«J^l-i5 7C_l-i5J 









1 0^-1 <L_uj1 3tLa a«.Li-isl 1m t's>a tt Vi mil jJlj_l3 ^rnJI Jj LfcjL_uja (j u-d-Ll ajLa q iAiu Lu-"'j '^!-' £ ■ ilaSLcaJI 







(A- 1) J^.t, 

JjJl^>. (J^=Ljla -»• La 1 a] I 4-4-»-Lg-<y jLgla^l (JjJbta IJljJ ajji^td 4-lLoJ 3 jj, jL^iaVI (JjJLsJk -- La 1 oJI (jiaJijJU Julj 



LjJjjL^Is^I . 






U-^^J-"' bj- 4 -^ ' 







J^=Lj Cj Vjuca -i^-jJ J I 1^-1 Li-;j^J! JjJlj>. ^ic L^Cj^J S^-"^ J^>^ 









oLti^U 


4-LJJtl] Jj^jJI ( ■ M^—l^pJU («-"-"J _j! 2j_J-l^5 


JJJ^t'tl 


4_ll«ji £jj 















. sjjLai sjui - y 

. u ^r,,„>Lc-Jll - Y 
.1^.,^-^a jIjJ.1 4_Ll«JI - £ 

. oljUS - 1 
. CjUU^= - V 

. /<u*-ilJI (j-« I Jl>- 4 V-h i uj 4 aj ]n\ (_JL5JI f-L^J (J|jJl>- ^j^kjij ~ ^ 

Iji-o* *Unl->tl (_JLfljg 0:Y) 4+uAi LkL>JI <j-uL^3 Ji-lji SjJLaJ.1 SjiUI x_a lLLlL-u}L]I J^t^^ 3 lUIjo - Y 

SjIj_j>- 4^>-j.i ^_ iVij|->1I tiJpJj (_JL5JI (Ji>-lj iVijl->1l ( . 1 1^1 J (<U 4_uLj ( 1 * - V - ) (j-u 7-jI^jj 4_tlaj Sp-flJ 

. 4_Ll«JI r-|jj>.J /<UJ (<U 4 <LjJ3 '> ( \ • ~ ~\ - ) (J-L) 7-jl^Xi 4_tlaj Sp-flJ 4^jJlII 







. LgJt-LJLL<aJ Jjj-^J 4-ajLa-"i mil -iljJtl <- i i u> 4_iiajJI CjI^IoJIj i La I -•- II I. i i n'< j-LtTiJ Jt£ ~ ^ 

<^m SjL^I oljlill c-J^lJ iil% oUI o^ntl JUr.,,,1 j ol)U2]| ^IjjjI ^LJLkJI ^ c-c^ - Y 

. I Oj I ll^L) (jj) T ) n a - Y 

.^L^= t> ^ - X 
. l(j.^i-^a jIjJ.1 4_Ll«JI - o 

. ajl^jsJI 4_»-j.} (j uLtaJ >j aa a>J - A 

AJljVl '"I J Vl^ (■ i m~>- 4 j o^-i tl JJ^>OJ (_,^~m" -i-u^LjJI JjlJ^ '"U (j— * ^ J ii'LLLI 4 j o^-ill (jjj /<u-J - ^ 

?e-La ■ ■■ ■=> ■^■-»'a jlj_U 4_ LulII 9e-La ■ ■■ (j-u-a^tj («L— po (j gj ^3-LI Jjj-^ 4Jljla_i_u2l (_p>-l J 4_Ll«JI «_iisjj ~ Y 

. j£=ajX\ 4- SJLjjlJI (jj^-i"t (jf 4ii^}La J-« (jnj^-»tl 
/«Ib /QJ (j-a_J ( 4_Ll*J| (J3^*- ) 4-l| aia-i ■■ » ' (_>>"' -i ) ,^~~' - ;" 1 ' "N ' '' (jj)** - ' "■*' (j-" '*-'-'-" "A ' 4-j-a ^~~* ^-^3 (*-^-> ~ ' 

. I JLt>- (jr^-l (j-" 3 4JljUm^?l <JiJ9 
(Jj-i^ajJI Jtl£. ' flJSalll /CJJJ j-iiji.1 4_jJ9lj_a «_a 4jjJi_lJI 4 ili.*] I 4-La i ul^J AJljla ■ ■■ >l (_L»-l-> LLaJLuaJI *-3^J ~ £ 
j^a- mil sjLa £j_i j q ii j ^-ill 4Jljt-t mi j— La3 <_ i m^- <t-it iMI 4_a_t2 JJ^>oj l_£j (^,-i-ajJLI 4_ a- L ai! 

. ( (jn.^lL ^UJI Jjj^JI ^lj ) U ^i-,,„>LJI 

JjLj>Jj^ILa^apJI 4 t-> i nl^j ajlj^>JI 4j>.jJ f-LdJjl <LJ9lj_a (<UJJ 4JljU i n al ij^>- Q^r < ""II Sju»-J *_iisjj ~ 
( (juj^-itL ^UkJI JjJl^JI J-»-lj ) ^^-i/im^LJI 3,9^-^' e-iL° fjj <-".ii^. Ajj^LUI SjIj^kJI 4j>.jJi 
(j •■ i ^— LI 4 )| aia i u| j '-^ a i- 1 1 n^>- SjJi^ta 4-ilaj a^xdJ jLksjJ zl *u-} 4_uj/l_m SjI^jsJI 4^»-jJ ^j^jus^ Sic. 
a Jl^-j i-Jljl LiiiJ^tJ (<u_J ( (juj^-itL) (^^sUkJI JjJl^JI J-^-lj ) ^,^-ij" m>LJI 3_9^e-^il * jLa fa_j J 

. Jj_j-l1j I 2 Jl>-j /*- l ^ 5 _ a _J (j-La- i ii"l I 




Sju3-j JIJj Lfcjuu *ULi Jlj^jIJI o^= I Jj ^ 



LECI PR- 10 MOUNTING PRESS 



dxt ^ ^ * jaaA2?l 

•j *l_^JLi J^>-»^l U^-^ 3 'M *-2j^-i ^* J| £H^I 2Jl ^ ~ "^ 



MOUNTING 
MATERIAL 


TEMPER 
ATURE 


PRES 
SUR 


TIME (MINUTES) 


1.00 MOLD 


1.25 MOLD 


1.5 








E 






MOLD 


PO 


PRE 


PO 


PRE 


PO 


PR 






°F(°C) 


PSI 


WD 


FOR 


WD 


FOR 


WD 


EF 








3 ) 


ER 


M 


ER 


M 


ER 


OR 








KG/ 












M 








(CM 
















BAKE 




4200 


4 


3 


5 


4 


7 


6 




LITE 


285-300 


(286 
) 














THER 




(140-150 




4 




5 




7 




MOSET 


EPOX 


) 
















TING 


Y 

DIAL 

LYL 

PHTH 

ALAT 

E 




1000 
-2000 

(68- 
135) 

3000 
(204) 


7 




9 




12 




THER 


LUCI 


HEAT 


100 


30 


MOPLA 


TE 


285-300 


(6.8) 




STEIC 




(140-150 
) 












30 (AIR COOL ) 






COOL TO 




20 ( WATER COOL ) 






100(38) 


4200 
(286) 





i^yr i " a .iLi-i-u^l ajLa ,jL) Lale. (jr ^=LjJ Jj J^Jt, (_ 










. 4j-oaJ 1.00 lj*l tV,,,,! vljtl „,^tl l\\j\~,..\ jUaj RAKRTTTR 

: 4-JLlJI CjIjLlaJI ~ i >■"" Jjj^>JI ^ 

. 4200 PSI L^ ^^jll ,U;.MI ^ - 

. 285-300 °F a^UI Sjlj^JI ^ - 

. 4 min jLkii^l sj^j - 

. *ULi jj>-<i!I (jL^= 1^1 *-2j^-i 20 j *'^JL> j>j>j1II oL^= '->] 4JL1J9.} 30 jj>-<i!1 » j^ - 

oLcl «jlj^>- <L>-j.i jij ^-i"< (jP-II (j-SLt-q-U OkJLi^ j-i-C. J»J><UI (<U SjIj^kJIj iVit iML) .}l_Li_u^M iSjjia 
JJ-iJSJlJI ' . < j^jpJI j u »" J I i^-Sj-J ' *!" 1 h^LjJI j j '^ LaJiir" mil SjIj_j>JI (j2 i_iLJjj 4_*ia-aie_La L^-tS jj-LiTlII 
j^>-V (JJlJJ^ (j^a 1 ^ 1"^" jjJLiTlII a jLcl «jIj_^- 4_».j.ij 4 j^-m'iL^-m t,l (_^olj^>JI £-J-f-*^ ^J - *" '.-tj i^JJ'j 4-LLtiI 
4^-ijj i rJI ji (JJulJLI jl(j ii^V iiimi SjIj^kJI <L>-j.} i n is>\ Jl i«LJj jj-^> La) Luj-53 (_£jL_u3 (jy^S <Lal_c Sjj_oa_ij 

(jJljlII SjLaJ i^jjj jJl*J,I LjJ <_P=>*3 ^pJI jjLJI ^^ Jj^-i mi" II 4jo^-> L^ia (_Lsl^£. Sjlju jjIjj Lgjf L«-^= ( 



uiVI i»jLiJI (jjLJLl ^ a * j ! jl(ji,V^I »jlj->- ^>-j-s ltj-jj (jr^LlII Jjj^>JI . 



jl(j i^nzl «jlj-»- ^>-J-i 


jO^I 


°c 


°F 


VYV 


1Y- 


Lead Lh =>L^. J JI 


YTY 


io- 


Tin j^j.^intl 


£Y- 


VAA 


Zinc edJjJI 


TV 


UY- 


Aluminum 


) -Ao 


UAo 


^i j_^Vi ^uui 
Copper 


V 


HOY 


Brass 


Uoo 


YlO^ 


Nickel J^mII 


^OTA 


YA-- 


Iron jjj^I 









(Jj^so 4_*-)LLa Jl-Lc «jIj_j>JI CjLj*.jJij ^j^ajJI (j-\_> 4_£^L«JI (*-"-" J Jj-Jj-La (j-* 1 (jr-^- 1 U Jl -*-^ ' Jl ^>P-^ (jr- ^ 6 -*-" *' "' <] 

""J ' ' a a *•— *!>-' ^ lt- *jl>^ > "' t — '■— ^J-^ 2*|j— 2-i j»_9-2-> p " j j La-La (jr^- 1 O^*-* 3 (J**'^ *j|>*"' Q ' _^ a ,* '•'"" LaJii£. 



°C* 



I 




. (jij (jJml JlJ>jJ ijlixla £-"=_& ( ^ * " "OJ^=-<i (ji 



- : ,jLi La ^ r «^i"j ( ' ' - ') J ^—i ui (j-a 

Melting ) jLj-^VI Lk2J C LkiHI ^ ( Freezing Point ) jl-*^l!I Lk2J b iUiiJI ^ - Y 

Jiiij d-p. (JjVl CjIj^LJI (jj^-»" *l JluV dUjj o-ajJI f J^23 £_a Sjlj^l 4^J-> Cxjjj ( Point 









x_a ^LoisoVLi d fj\ C (j-* ^jt^*"-" ^.J- 5 ^-^< ^'j-^V UJ^-'l9 ->"^*^' 4-lUjI aUjJ Julj - V 



<L *£>-"J W*- 1 ^ "JJ^-^ 1 ^ ' 



£>L>-J £ 4_Lfl-Lll CjljJLiJI <_>ia*J 4-i-ulj.} Jli£. LJLp>-t i 



: aJUkJI (J Jufe Cjj Jl>. J if £9>UI ^yiselU 7e-t^JJ <jr^' ( ^ ~ "^ ) (J^=* "(J ^-U^ Jla^eIII 




j^liii aJU^. 4_ jjwti j-i-ajj ( n - *\)j^=ui 







. Pure -Lead (j^S-iJI (^^L^jJI Jjj^ 6 -*-"-' dy <L_i_ul_La 4 jo^~i jl (jy^J-!' (^^L^jJI ^j^a 4j_i_ul_La itLa^ - ^ 

. Till Pure ( _ ;J _5JLI1 jj > <^*tl ,jj^r , u a ^a 4_u-ul_La ^^-i^-— jl ^ al!l jj I i^.^tl ^yj 4_j_i_ul_La AjtlaJa - Y 

. <j->L»i,l j(ji^i; (_>^>L>- ^Hfc 1 j^ uj^ ~ ^ 

. Thermocouple thermometer Ly ^ jj t^jlj^ ^j-^^j-ap - t 

. Stopwatch ciiLijJ 4^L* - o 

< j LaJI 4_aj^ajJ i _^3L>- (J^aL>. - A 

^j^a (jyic.1 jm)^—i" <«L-po <Uj I Vi t, I ajlj^>JI <^>-J-S ' t-i j i W<i J OJ-^' J « <"iJJ OJ-^' tr* - '^ *-2j>^' J-^J-* ~~ ^ 

LiUjj ( Aj^La <L>j.} 377=50+327 ) <bai-a i>.jj 50 Ly i\^>^ ^^L-ajJI jL^aJl «jlj->- i>-j-s 

■ 4-La^aJ| (J^aL^a jl^ i^-nl ^1 <i iM 

*_iis^a-i /q3 (j-«_J (jj-aJI - I alal ajj 4 la I la I , I 4_»-jjJI Jl JJ j ' -^ ' . 1 j 4 -^-^^' 'j'^-* - < ^ > 0-^ U3 JUS 3 u>if - T 
. 4-i-uLa- t -ll jj^a Jl^=LjJI *_a jj ^ i ^i t, I (jjudj <Ji»-l.} SjIj^kJI (jj/LuLa (j-o3=ja 

. ajlj^>JI CjL>-jJ (J_5>^ S^'j-^i jl Jdu i nVI x_a ^ita j j lj-a 4-LaJI tiJpj ~ £ 

<LcL-u (JJLiIij J-aje T iJI 2jlj_». <*-»-j-> (j-a (jr^ 1 ' ^d5^° < - J ^"J- s 10 Jl 2jlj^>JI <^>-j-S (Jj^-aj JlIc ~ 

. ( (jyJ'jJ 'Li.u.a--^ (J^= SjIj^kJI CjL>-jJ /<uiJ9 fJ^JJ ) ^jjjJuJIj (JjjLlSJI I J4JJ i—SLSjVI 

i>.jj (j-a JSf Jl SjIjaJI 4j»jJi Jj-t^J Jia- ^LkJl JjJljJI 4- JtR 6 - 1 -"^ ^-^ 4- J-^-^ ~ "^ 

. Aj_aia CjL>-jJ 10 ^Ijjso J-aje T iJI sjlj_»- 

3jIjj>. i>-jJ (j! 4 l^^-^La «_a (jyilll j-jJ i^-iritl (j^a 4jjj/l_La 4 J o^~> £-« iijLcaJI Cj I j Vi -> 1 1 jj ^-i" ~ A 
. A^^ua 4^»-jJ 232 = ( j ' J i taJUl Jljuso jl ) jl j i a )l 







guULUIjubUftll 




































































°f 

































































°f 

































































°f 





































































°f 





















































































































































































































































































dxt ^ ^ * jaaA2?l 

. 4 lil'-fcja ( . ,^^—ij3 (_ < i u'n j^J i^irillj ( _^al_Laj_JI ljLjI j i nt Jj^xlII CjLtise-La fu-uj 



CjljJLa *_a I gJalk /«j_j a ^j all I i_uLLll (jjLiJtl j j < a 2 1 A^ejjjj . J^sOU 4 ajji La A^ajlJLa CjI j jj^~~ '"' CjVL>JI 

^j_a 4_j j_ujjj LI Ij-ta-i *— i-ujl J^—i )"i) lilSI j i oJI Jot" 1 »" . ljJLj! j i oJI ^jjj ^-ill CjljJLa x jl |_£j^>-l ( (jjLta) 

; lLuI ( 1 nil *_uj-a3_a (j 'J^~~*" 1— 31 JJt>\ ^Jb] (j-«_J 4_Lfl-Lll ^j^mi x_a 4_)jLiLa I j 1 a I a > ^_ ^j 1 n *■». 1 

4_aa|JLa J-o3p JtJjL^eil J ^-m 'II jl j*Jj ^-itl i^Li-al Jl-Lc ^liu^a (J^sQjl LajLla LllsU. (j-l '"'"" ~ ^ 

. ( ...jdl - JlAII LajLla fl-SLjj — l£\ ual\ xJij ) ^^-mM^jl-JLI L ya\ji^\ (jrWuO ~ V 

. jLjjLaJVI «jlj->- i>-J-S S jLjj - £ 

sjlj_^- <L>-j.} jj_a A^a-tj 1 oJI Jl-J^-u «.L<jI CjJljso 4_jJ.II CjjjjJuJI (jylc i— Sj^tlllj I Jl-l>- ) _ / ^-— SI j ■ uJI aI la-LlI p g-aJj 
Cr «_t^J Lcj AJU" mVI (jr-ij-y 4-3* J ^ ui-».f ^^ 4_jJ>L>J| oUoilll Aj^IjJij SjjLlII SjIjj>JI 4j>-jJ> Jl jLj.uaJV| 
(- 1 1 ii'i lljl 4 ^— »_■ 1 1 •■ ]| ' ■_'^~ >>J Lai ajl^>JI CjL>-jJ J^a-i JaJaJe-aJLl (—u/Ijjl j^>Jkl . (_£j|j^>ijl jjl^jzl JaJaie-cJ 
^LiLa 7c_iisjJ ( ^ Y~ 1) J^-i i"ij (jr^S I JJ^r ^-> 4.UJJ 4j^la (. , 1 a 'n l (jif J- y - j ^ tiiSLvcoJI 4I 1 gj 1 nt 4JJ ^—1 1, 1 
. ( j-JjLLa2Jlj ^^LajJJ ^jIj^kJI jljjVI uklaita ) ^jIj^kJI jljjVI CjUaJaita Jl^^/ 









I 



327T 1 


' 1 


' 


1 ' 


1 


- 


"x"**^ 








I** 


" 


- \ 


a + L 








232X- 


— or 




183X 






-*P* L 7 


f\9.2 






61.9 


97. 5\ 


1 


1 1 


1 


a + j8 
1 


1 1 


1 1 - 



— 200 

I 



60 

jjJmTiWj ^Luajl! ^jlj^JI jljjVI lUlr^a ( \ Y - 1 ) J^-i n, 

£>l>*ll jljJVI uUaia** flu 

«.lj-j*.j (JM-^>- (j^a (^jIj^kJI (jl^j^fl Jalaita ^jjj^-i'j i UjVtV"! <Lu_uL_u2l CjLajJL*J,l (_^lc (J J i ^i ■> 1 1 r«Iu 

(j-a ajLoj-i-u^M (jrlc 4-JLij_LaJI <>Jlj4> aj_Sjj JlJ^jjJI CjLi-be-Lo ujjJL-uI Lfra^fcl iaijita 3j-^ « Juu 4_L,La.<.a <_sjL>o 








4£LuJ\ 5JUJI 'A- o^±*X\ M^= <±~p- a ^ U:;:tl J\ L^" LTHJ^d J^-^l c^tl- ( W - V J^=uUI (jr^J 
(j-U-lLm (jUjULil (JiaJ r ■ la ul JlJ_j_jjJ| 4_ll JtJJ (_£j|j^>JI j . 1 i ^ t I jL*-)] Jtl£. . ^j^» ul I q g-1 '^»« ' x_a (j'^-jlj-*- 4 ^ 
JlajjeIII ^jlpf Jo'i^-M T2 ajlj^>JI <L>-j.} JU£. . JlajjeIII 4-ilaX, IjljJ d-^p. Tl JJ sjIj^kJI Aj>-jJ Ji-^il <j^>- 
JuaL>JI J^L>J,I 2j|>»- 4^>-j J j <i" i »" d iLaJiiJI Jl C SJa2i!l <j-o . Ij^aLj- ^jLxjh ua-il>JI J"l^— jj^—JJ 
^yjfc C SVirtitl . 4jj_u_J| iklJJ i-3jJt3j Jla^eIII aJLaC Ijljj Li>Ju£. ^1 SVtrtitl (jr A b SJa-lllI .^LaisoVI '2- 
. JkvjeTlII AlaJii) i_3jjuj JlajscIII 4jUf Lbjtl£. <-.l "^-.l ^^Jl ,U.5itl 



^j uajg Jlj>-| Cr JLc Lg-La J ^— ^gj-Tcvj CjIjjJLlII ^_a ila_j La. J^J-JJ ^i t^aJI 4_IL>JI IL.J 4_4-aL>JI I j'ljj*.' 




<j3jj! 



LlaLi (j-jj i^iif ,j-a AJj' : — i a J^jj i ,J Jlj^jjJI ( _ 3 _L*_La 7c_i*3jj ( ^ £ _ "\) (__ 







j giaJ (jyJi- (Jjil J 0" ' "J sjlj^JI CjL>-jJ (jlal A^-'il j|j q"i 1 nLij aJjji nil iiajij ^ a 1 uJ <jP-Jlj (D 4_La_2_Ljl ) 4_ii>. 
sjlj_j>- <*-^-J-S J^-Lc aj (j 1 ^1 i t, I 4^-ijj i uJI 4_uL) J-i^jcTlSj SjIj_j>JI CjL>-j.S /j^s\ iiVil L&Jl-Lc l_L2ojj l_L2oj 4 Viiit 
4_LaJiiJI Lai J_a^eTiJI (JL^ejO C Jl D (j_a ajsljjl JlJ^jjJI (J;r be_La (j_a *j^>-!l (j, a ' "JJ (jr aj jJ^ L^JL^= AjjLj 

. Jljj^ej-!! iiaJL) ^- i n"i*^ C 

^1 Ju»-2l (JlU-J '•^-tF* - ' <jr>W J^""" 1 '"' 4r ^-a-^ i -il ilaLaJj 4jjji gj| OaLaJ f -ia- > - £-3aJ bJl dhH-^ Cjl_ii=e_La (<u-uj Jlaj 
. (_£jlj^>JI (jljjizl iVi Vi-fcja (<u-uj £_ JlJ^jjJI Cjl_tIre_La jj_a ejl ii" , n^l 4 jiij^-> (^yic Vlius Tciisjj 




111 j ^pl-<J tiiSLj-i-oJ Jj^-ijJI CjLlLx-Lo aI, 






•V) J^-t.t, 



■ L^Jlj- 3 * Ul3"* JaJaJeja «.l_b ^_ 4 a u ~- a 




dxt ^ ^ * jaaA2?l 

. Pure Lead ^^Ul ^LajJI 33^*-^ ^ I^Lia 4jo^-. - \ 

. rUre 1 111 ■ a-Lll j l J < aJUl (jj; t i n a ^j_a 4_i_ijjLLa 4_La-^= - T 

. (jjUi.1 j(ji^i; <_>^>L>- ^-23^ j^ u>s ~ V 

. Thermocouple thermometer Ly ^ j j lSjLp* ^JAJ^^.W 5 " *• 

. Stopwatch ciiLijJ i^L* - o 

j j LaJI aJjj^ojJ (_j*oL>. (J^alj*. - \ 



JjJ^JIc 



>• j-jJ i^-iiitlj (^^aL-ajJI lLLjLajj/ jj^a CjI_Li£. ^jjj^— i"J Ljjj 4j_ouJU c 



J^iJIul^a^ 






olI^Ma 


^L^o^l^l 


^a^il^l^l 


4_Ll*]I /<^j 




100 % 





1 




70% 


30% 


2 




38% 


62% 


3 




15% 


85% 


4 







100 % 


5 



. j<j ir^itl 5-S3_aJ 4- 2 *kJ9j 4-LL t JI ( . <-J^= \yl A^io^lil >. 1 1 u'iW x_iisjj - Y 
lIUJij < *->_3-<- a 4^*J-5 3 / / 4 lalLaJ, I ajl^jsJI 4^»-jJ Ja-u ^-■" j ^j^AJl (J » '"'Jj CU - ^' (J**'^ ^-'HJ^'' ? -4 ^ 5 3 3 - 







x_iisjj <Z o-^J OJ-^' sLalsJ (<uj ^J^° ^-J- 5 377 jj<j 1^1 U j 4_2j^jJI «jlj^>. <*-»-j-> (Jj^-aj JlI£. - i 
(J^iLlUI IJlaJj L-SLSj^M kcLuu J * nil AJ^la ^*-J-i 360 (jrll^^- Jj «jlj^>JI <L>-j.i Jj-»-^J J^£- ~ "^ 

3 J 4 /<wSj 4_Ll*]I <_t-L£=pJ Aj^HI I- i l ii ill x_a 4-Lll ( nil i " 'I j La -•- II Jj^-^~ ~ ^ 







guLUJIjubLuftll 




































































°f 

































































°f 

































































°f 





































































°f 





































































°f 





































































°f 





































































°f 









































































i ili^itl ,*! uik] L ^£. i_3jjlL!Ij ji^Jj^-itlj JljJl^cJLI (^jIj^kJI (jlj3^?l iViU-r&a ( _ ;r JLc. i_3jjl1]I 

»j "'^-— ; Sj_iiui],lj Laj^jJ,! LjjL*iII llLSI wntl (_ya jJlc j-l£=d^ ( _ ;r uL-u^l < . ■ ^— j 1 1 jjb jjju»JI jJLa (j! 

Aj_»-aL>. jj (JJljla j_ib ^ al!| JljJlj»JIj ( 4-jJLaJtJI aLpJI Cj^L^ejo p la * a j 4_i_i-u JilJ I d)l S-uial!l ^^ jj!l^= £_ 
4_uii!l 4jjj uaj Jl_jJlj»JI g i T i—Lj 2j ( _ ;r jiL!lj lit intl J jjj—LaU J-iLsj (J-lJ j-ffcj (J^j }' jj '^ 4_JjJ 4 j i inli l_L t . a 
(Jj_)jJ==l!I *_a ^ alll JljJlj>JI J^tjj . CjL^kj ^Ij CjLi-uljjJI (^^j^kJ Sj-Lt_i^> d)l ^-1^-—; J-J "j u ^-— dll J o^"*.' 

. LujJtljJI 4jjJLi]l LdjL.i-i.aJ I (j-o 

•. Carbon steel ( ^j&iuLaii ifrjiii 

(_£JlJ1 ' J LaJI «L)I ^^jj^aJjJ^aJ I ( <l LaJI ) JuLa *jj c (jajjj=aJI ^j-a ** * ' "*• " '-''"' (jr^- L$3^ >1 - 1 J2f_3^^ f \V>\ f— L a^>- 
j'i^-'t 4 j^-mL^a-Jll ^IjJkJI 4- fl^Tfclll (jr -t^-UjJI J_aL*JI j ^^L-u^l jjJlII 4_i3 (J3JjJ=JI j i^-iir c_ctL 
(jja^itj 4-jJI i al uaj ^j II J i^^"" 1 ^.' ' "J I i_J L<aJI c-J i^all ^j -^^1 f^J &-$ jh 8 liJLlAj j -^ I j ■-^■'^ ^1 ^j " 

La^aj ((^^oIjJkJI (j^a Lb^lj 4_ul_La_L^=Jlj 4j^-ij<1^-ijU (^^IjJkJI (_>ia*J (j-\ i m** i 1 J^jjl± 4 j^-nl j i ntl j_i-al_L«JI 

: jjt ^^JaJj^aJI (_<JLuaJt (jl (Jj^JI ^j^—i oj ti^-" 

. 4^-IJJ ( rJI cLjjIjsO (^jJI (j_aJjJ==JI 4 J ( ii (t LtJJ jJt^JJ Aju=i\^>. jJlJSO (^jJI ( . il i^itl - \ 

— |>9j^sJI ) 4_JLlII j-calltJI 4j^>L>-j Aj^ajLiioJI j-ualltJI (j^a iijij^la oLu^= ^^JLc. ^gjTcvj V _ Y 









: (j^Jj^aJtj JUJiJti! (_£jlj^>JI (jljjVI it-it-i-ieja 



3 10 



1400 




(j^J^aJlj JjJuaJJ (^jIj^kJI jljj^l Jaiaita ( H- 1) J^m. 









4_JLuaJI iL. j^J^^-ill iiiii'i 

'ooo M i |-| i i i , -n-n — -y~ 







0.8 1.0 

/O C (j^Jj^ni! AJJjI! 4 J mill 

. jj^Jj^aJlj JJJ^JJ ^jIj^kJI OJ 1 ^ 1 

Low - Carbon steel q^j^JI ;™v;« iVji - \ 

<tc l^j I <j-aj (X ♦ ,T Jl X • , ♦ ♦ A ) (j-a 4_j3 (j_aJj^=JI 4j^aj £j[pjj 

.(X',^0 JJ X •,*V) U^iLa 4-i£ (jjJ^aJI 4-ll.oJ rjl>£j J^U- ^jis j>^aJ3 " I 

. ( X \V J\ '/■',)(> ) tJruU <U3 jj^Jj^aJI 4-lx^J £j|>£j ii>U J^jS " cj 

4_jJLc. 4_jLlLa — Jj^-i )"ull « Jl_l>- 4_jJLiLJ3 — * jJ i^i "tl J(j i ii : (jj_)j-^=JI 4 j i ii ) (j^iiiV ia > . il i^itl (^^l^aj- 

. ( 4-t-^-lj-llj JaJ .-»"tl CjLJUjlI IJl»- AJLliis 4-iLa-"iiiil 

Medium - Carbon steel Qj.-j'^ 1 ia^ji* iVji - Y 
. ( x ..n ji x .,r) <> <u* o^j^ 1 ^ tiln 3 









. ( <L*i>.|j_a — ' J "' 

High - Carbon steel <j_wjj=x!I ^Lc iVji - T 

. ajjIj^kJI CjUJUJ.1 £\jl] £±a^1 JjUs - ^^l^-v.^VI J^=LilJ ^jLL* - iJLc Sj>}L^ : 4-^lji- 

Carbon Tool steel ^jjj^JI so*] I iVjia - I 
. ('/■ U J\Y- \A) &a <uis o^J-^ 1 s^^ ylpj 
J_iLJ9 - » Ustl o|j \t ^ ^ » ; ,^". — ^^— I ^—-,^VI J ^_,i-,lt ajl ^^ — Ijlj- 4_JLc 2j^l_i-a : 4_cal^>- 

: l^jLaljielml (<ublj j^=JJI aJLiLcJI ^ jj 'j £r» 1 I <_JLaJI p l^j f (>uj ^ III I JjJu>JI 



ciVUVm,VI 


t^ 


y-b#j^ 


(j 1 Lx^aJ | j q .. .^-.tl ^^jJLj ( j^a-l 1 "11 (jlr SuipS iloJjJil JaSlj ifLlI : 4_La » 1 1 aj 


^ji^l j^ijl 


\\o- \"A 


^j^^oii tiJM^Vlj 


j^UJt 




. <■/**• 1 .1IL1 4J^3 i"iU c-tjuljalj riVetS aL5j_l!I j_ial 1 n aj .^LaLjiXI » j i 1 aj 1 






. 1 >U! jjLi^j boilers J^ljil 

(jli.^q . Sjoitl! (jL-L^allj o^Lu^jl!! . sections iillki! j^UI ^LLi* 


^JUI iv^t 


•X ,^o 


.4jjljJI 






(jlji^intl . iillkU Ajj^jLijJ! (_PaljX.SU 2j!jLi»JLi Jj^-i ilult jrLb-o <jj]l CjISjjU'U 


iv>ill 


\"i - \Y« 


. crankshafts i^jit 2jl*^VI . axes jjU^l . connecting rods iLjljJt 


Medium - 
Carbon 

steel 




leafs 4_i2jlij.il (j^jljlJI . 4_jJljj^J1 A^= ,„tl (jl , ,^ a^Ll^ 4-f j ^-" '".' 


^JWt jVjill 


\A« - \V 


. band saw ^L^j^AJlj^iLai .wire ropes a^\,j\ JLpJl . springs 


Qi^-^-" 




jV^aJl Jj^ .Vt t-Jl^a . Zj^; uajl forging dies ^Ijl^jl. Jj^-, ,y.n c_Jl^a 


High- 
Carbon 

steel 




cjlji^i . ;j_;.,-,tl jjLJI ^ j-ki!! ( cjLl>.| ) Jj-aljl : '/■ 'M - I'M 


steel 


U - \A« 









. punch ^u^l (dLU^ ) oijjj . shear blades ^^i Tool 
. a^jLjJij^iLui . files ^jUt : n,i - / >,\o ar on 

, ^-,11 ,U;, j .U.^.^tl j jUI^^II ^\lat ■ 7.\,i - 7- \,\ 



i SjLt, 



'JCr* u 



( JV^JI 3ib ) JV^U (i^flJJI u£jttl (,k j^SJI Auj^uu 



4 - J LL. U 4_lL l ?I iJjL-lb (- <1 ) n"< 4_Ll2J 4_cujLjtla <LlL) J^— I Ml (j-i~C- ' t"H l~>tl I Jl-A J (j k JJ (^JlJ_j1^=iJJJ it-nl^ <UL>JI 




0% % 0.77 



H 



2,06% C 



^W 1 



*bji 



,r,^ ^ iilpi dJL^ ibjj 



JeBjJl v^^tP' c^- o^i^J' S^j^^ ( 18-6) J±=«£ 









- : (^^Jj^slII i_JLai! aJLlSJlII 4-lLlII £ya rJL<w 7=-^JJ ( \\- "0 J^ '"■■ 




- j^ 99.98 % i^b 
250 : 1 >^3 



^>^ 




jlllii - 0.09 % C 6_wj^=Ji J**- 
250 : 1 >u^iJi 



• -vTS ,*--, ^V, -IC- W^ --T' ->-■ 






- 0.13% C o*^l^ 

i J-Lgall < L2_t3 J 1 1 4_u_l!I 

250 : 1 j ji^-,-,1 1 ( cJ* + e^ ) 



iuJl - 0.36 % C u^u-^ 1 ^ 

( Cl<_iJ>J + Cdui ) i tLuall 4JLl9Jl11 

200: 1 










( n - i ) JLi ^ 

LuJI - 0.45 % C u_wj^=JI V- 
100:1 . 






( n - 1) j^ ,t l£ j Ls 



Sj^I 



;LLJI - 1 . 1 3 % C u_wj^=JI w 

500 : 1 >^it 









^j^jjiii uyi uub- 4 
DIN ijiUVl oLi^i^ii - f 



JLmu^VI <li*f 



HB 






■^W^ier 1 -^ 



oR 

N/mm 2 



% 



DIN 



f Li mVlj ^j LaJ! 



iAil 
0.05 % 



St 



jl^JM- 



_^>u 



iiAjjdto^ii^! 



St 37 



160- 140 



22 



600 - 500 



0.35 












230 - 160 



850 - 600 



0.45 



St 60 



£ * i LaJj (_, i .i flj ) 

450 °C 



250- 180 



900 - 700 



0.6 






- 0.8 
0.6 



^Vlj 



^joJ! jjmlj 



1100- 
900 



- 0.6 

0.8 



'A. 4—tIaUJI JJ^tl] 



5-4 



1100- 
900 







: 4_LLa 2l (_^JaJLl Tt-iis^J (_yJLjjl (JjJu>Jlj 4_uJ ^_ I 1 &j i 'y a (j^jj^aJI 4 i i u < ' '-" ' "j" V 



/ j^^^Ji ^ 


i_d_uaJ1 auji\ 


0.18-0.22 


Oil 


0.32 - 0.39 


C35 


0.42 - 0.50 


C45 


0.42 - 0.60 


C55 


0.57 - 0.65 


C60 


1 


C100 



(AISI) , American Iron and Steel Institute i^AJIj jjjuaJL! l^^syH\ 



UU^L 



( SAE) Society of Automotive Engineers oljLuaJI ^j^jl^a Iuju 







: ^^Jj^aJI t-xlcoJI OLaL>. (jjs 77 jL«J 



^iji^JI iVJ! 


SAE 


/ ^Uj^-itl «-M^-;p]l 


AISI 


^->^= 


jj^ 


- hH ^ 


03i>^= 


1010 


0.05 


0.04 


0.6 - 0.3 


0.13 - 0.08 


C1010 


1015 


0.05 


0.04 


0.6 - 0.3 


0.18 - 0.13 


C1015 


1020 


0.05 


0.04 


0.6 - 0.3 


0.23 - 0.18 


CI 020 


1025 


0.05 


0.04 


0.6 - 0.3 


0.28 - 0.22 


CI 025 


1030 


0.05 


0.04 


0.9 - 0.6 


0.34 - 0.28 


C1030 


1035 


0.05 


0.04 


0.9 - 0.6 


0.38 - 0.32 


C1035 


1040 


0.05 


0.04 


0.9 - 0.6 


0.44- 0.37 


CI 040 


1045 


0.05 


0.04 


0.9 - 0.6 


0.50 - 0.34 


CI 045 


1050 


0.05 


0.04 


0.9 - 0.6 


0.55 - 0.48 


C1050 


1055 


0.05 


0.04 


0.9 - 0.6 


0.60- 0.50 


C1055 


1060 


0.05 


0.04 


0.9 - 0.6 


0.65 - 0.55 


CI 060 


1065 


0.05 


0.04 


0.9 - 0.6 


0.70- 0.60 


CI 065 


1070 


0.05 


0.04 


0.9 - 0.6 


0.75 - 0.65 


C1070 


1075 


0.05 


0.04 


0.8 - 0.5 


0.80 - 0.70 


C1075 


1080 


0.05 


0.04 


0.9 - 0.6 


0.88 - 0.75 


C1080 


1085 


0.05 


0.04 


1.0 - 0.7 


0.93 - 0.80 


C1085 


1090 


0.05 


0.04 


0.5 - 0.3 


0.98 - 0.85 


C1090 


1095 


0.05 


0.04 


1.0 - 0.7 


1.03 - 0.90 


CI 095 










J _L t ]| 


^jjl 


U*>>^= 


1 


J^-P 


2 


fJL^= _ J^P 


3 


a_jj Jluj_jjO 


4 


fJL^ 3 


5 


fjjjilii- f_J>^ 


6 


J^~Z 


7 




8 



SJaliJl JlaJ d~p» ^sl-U-mJI 4- jj.'j^' 1 4_±iu-L! A-UJjJllII 4-Laxj^l 4-a_jJlll JLl (jVjuS ljl>*-^' <jLaJ9j_!l Lai 

^^1^09 <<^j^= iVjiil jl Jl ^^ ( AISI 1020 > ^^M".tl Mi^ « u^j^= 0.01% sj^iyi 
^j u ^l,,„ iVj^JI o^ <>^ (AISI 2340) i^ ,, ,„tl . 0.20 % Lu^.23 ^jU.3 oj^j^= «-^i c^ 
Lai 0.4 % Lu>23 ^jLt^j 4_j^ jj.'j^-^ 4j_t^jj 0.30 % L-jj>Sj i^jL-*-^ i^ii J^=4J JLc ^ji>o iVos 

.ia-jliil Sj-a^>Jk1 jj^ 4- fj' 1 ^" 3 cr^ 3 ^^-" iV$£ (A) 

•>a-^ J_artA 4- fj^iuaji ^jjj^a iVjS ^yLi J Jj (B) 

.^JlcLoJI ia-jliU 2>a^41 4- £>< J - a - a i^>3ij^= '■£&£* (C) 

■ ^i^io^tl i^jlill Sjjj^Jkl 4- H''-^ a <jr^3d>^= iVj£ (D) 

. (^jLij^aJI jj^JI 4- J-^a-a j^jfl (E) 







. St 37^^1^31015 ...l.^tl^iiic. - 1 
. C35 ,.,l,^tl ^ iijc - Y 
.C45 ...l.^tl^iiic. - r 

/- 'j J) ^— 1 1 1 ' J i^sll CjLLulI 4-Lta-jJJ AJ^jsJkl j j LaJ I jj^a 4^.j.gj^a - \ 

.( JLLJ) jl^lil jy^ - V 

.( ^j j •*■ U ^j — Se ai! i-Lul jl JlC.1 <Uj^><J ' - ' ^J ^a a* *-^-lj) (Jj j >< 1 1 ^j-~~- aU CjLLjlII j j-*-" ~ Y 
Sjjj^vjjj jj i^itLi jl A-lj-uLuiJI jj i^itl f»j_jj| ^_ i>.5^*.jJtl jjj^aJLi JijLSjj j(j ^t,l Cc jv j CjI_Ll«JI (jsTtreri ~ X 
. (j^Jp^=JI 4 j (l i*< jJ JlSjj C-JLuaJI SjJj p^J ( _ ;r Ll i-flj-tTJI SJjLstA /<u ( \\ — ~[ ) J^-— ui IL. 



LaLc CjLti^>L3 


/J0J>^3lIi 4 1 1 'i 1 3 <Ul3oIu,I 4 ^ i 5 3| 


( M <-^ n 4_i_o 


A-LulII ^j3j 




































Off su 



(_^slj^>J aJijLjsJkl 4_L 



. 4_^=_uL^=-dl 4_ajUUI *-3jJ o.sM na]| «-jLjj - ^ 

. fcUlj ijljUll SjL) - Y 

. JjtiVitl j| Jj^-i uilll cjLLwlJ (jjuJLl aJLLjs aJiLjj - V 

. UjttT^ p^liJll j o^VL Jji.V.tl oLU (> ^m aJ^IjJI ^bi^VI auijj - i 

oLU ^j» usuii oi , i j^ti a. aiu-, ,„vi uiji j jjUi ^Li j 1^ ,v,ti oLlU^^uLj aij) - 

( £- "l) J^-i lit j tVtl ^ b"< La ( _ ;r L : i_o- J^-i uij («-==->■ (jr^ 1 Jj'^ - ^ tiiJjjt -ijLii' ijM- Jj" 1 -! uuJI 

£j_a ^j-Jj^aJI (.<! uai! 4_jjlj^>JI CjL>JLlU dlj-3-V 4_aj>UI SjIj^kJI CjL*-jJ> JJusoj . ( — ~\)j 

- : (^JbJI ( Y ♦ - 1 ) J^-.m. 4- LTh^J U^J-^'j JjJLaJJ ^fjlj^JI oj'^ 1 tkkita 

,J 100 ° 

1 

^ 900 

o 



E 
(1) 

I- 







1 




1 1 








/ ~ 










4 SjU_aAI 




















■/ 






1 




' 




in7 


J . 




: 


/jt 


j^i ? >Li;ijMaLn" 


A3 




m 


























1-— ' 


/ 






































































i 


I 









L0 1.2 1-4 1.6 



0.2 0.4 0.6 0.8 

/o U (j^jj^ni! ajjIU 3 j milt 
jjj^iJ ^jlj^J! ojljU! .kk^ <> ^j^zJ! <. ,I,^U ajjIj^J! cjUJU^U ^L^Jt *>>Jt ( Y • - A ) J *- , ,=;, 




Off ni 



JjLLaJ jj ^— J ^.._l>- 4 Al",A-^ ajlj_J»- CjL>.jjJ 4 Al~,^-tl LjjIj^kJI dsL^Jmi CjLlL^I 4- <— l^i-coXI fose in' 
CjL^JbJ.1 4- LajLseTi_m.U (jlj-flVI flj-jfj ^Lst^l jJ-aSj 4_jjla 4_j»*jj ^VO- ^1 ^0- £j_a Lu>aj t^lir i.ri'tl 
(jlj-Sl 4- 4-aLJI CjLALalU (j<-i tt j-bjJJJ j| t_c--yjj < 4_jlM,l 4_jjIjj>JI CjL>JL*JU CjI rtjjU" 4jl-it"il 4jjIj^>JI 

. ( 4_a}Li_uJI Cil jlW*ia 4_l3 J) 7) -r~~ ) Jjt i"i"tl Jtlc Lj_a-al_a (jj-dJI (jj^~»j (j' S- ^ d ~~ ^ 

. 4ljt mi" '£— Lj il ■ -■»"al (jj-aJI jj^~~ •_' (j! (— cjvj _ Y 

4_l3 ^i^— i-ttHi! }LiLJ3 (jj-ill (jj^-ij (j'J ' U^"lj '*- c -J-*- aJ AjjiLail ajlj^>JI 4^>-jJ J] (Jj^sjJI l— a j _ V 




jjJ3jJL) J-q-tJ La Lg-La ^.,_l>- 4_jjIjj>JI CjL^Jmi (jlj-M 4- 4^ajLgeTi-m.U Jji i.Vitl Jjj-^J AiA^' Hj-^' ->^-«^ 

jJc iUj>La jj^=I (jj^-»" ' ^Lij-4^3-11 jLpJI (^ic LjiJuij 4- Jl^Iju ^jJI jlj^Vl i3^=Jj JjL-JI j! i^jLiil 

jj ^— Jj ajlj_>JI CjL^-jj 4- p 1 ^— "' I gLUhLflJ 4_jjLij^^=JI ^jlj-S^I J-J-4JJ . iftif ui'tl 4- Uj-^J^-" "'I 
Cizjt i"it,l (j^a 4 o W"t '< a 4_t£.jj g. 1 Vi r j j Jj* i"i"tl 4_al Ia-lj j— t- q j j l1UJl^= (Jj_iUI 4- 4 o fci" i a ajlj^>JI CjL>.jj 







Tempering frufaUI?UU& j Hardening .ii.lua.Ui ?UUa 

. ioM i^itl ajJS (jr Ll i-aJlieJ,l 4j<rirVitl lLL-ujI j-uG A-^lj.} *_a ( Jjli^i'tl ) ^jj>-VI (j->L»-U «Ja2J 
■i_JLaJI 4JLla s-iLjjj Jjli^i'tl 4-JUil £>£. 4_>JI_L!I i_JLaJI 4- 2 Ja^ai.1 iaLuaill ( J^J-d- 5 ) (J^ 11 ^ ~ ^ 

4JLJLLJ3 2-iLjjj ( _,^— iL^— i"-»>VI (J-^aQJI j ^jjujtil «LiajlJLj S_}LjJj < <1 i^ill l±y\-uz> xJSj *£a 

. Hardening ( Lm^SlH ) juJLalll iuJU^. *1>>-| Ua^uljj ^>>.Vl <j-^' £^ 

JJ9I (jj_ij^= 4_ i _..aj (jr i^. ^g j J L-v - l I (->! i^iU A3 <la_». (3J-2 ^-J^la ^*-J J (30 — 50 ) q^ie—culll 

C (j^a ^jJLg-f (jj-J^=> 4.j_iqj (J _l£. t^gjJL'v.t.l t-J nail Latt ( ^g Jl-jj"i ^-i jj^-J I (jjj i_J i^itl ) 0.77% C (j-a 

Al Ja -^ 3>^ ^a^ 3 ^>-J-5 (30 - 50 ) 4-LJe.uij ^ 4JL3 ( ^Jujl^-Mjfcjl 3^ l-JLuaJI ) 0.77 % 

flp-i! 4_^.jjJ| lLUj JlJ£. tal A"^VIj - ( Y* — 1 ) J^-i mi (_£jlj^>JI (jjljJlII .l-i ViAex> <j-a j»L|JI *j"^' t^'j 

dsLij/jl J^jj-Ls (j-c Quenching Li».LLaj L»j>-" ' ^~u-£ ^-4*^' -thp <*-• j-kaiU i s \<nn c. an> i^uLia <4_L«j 

. ( ^Ulj ^UJI ) *ui - 1 



. fj a ■ ■• y I j i laa » i ia 1 1 * I^J I ^j^a Cj I j Lu 




Off su 



Martensite ojj-ujUI l±h jj^" Quenching ^UiiJIj jjj-uJI a^^HI i_JLaJ! aj^p ^ ^IL 

. LfcJLjJLoaJ j«J (^yJ^Jj^aJI l_J i^ll jjjO 4-LiC ^_ OJJ_ujLflJL! ( A-Uj^— i mjj ^— i_La)4J^4^a 




7c — t-a^J 4_jj fg^"^ Sjj — 1-3 (YY A) 

1220:1 j , ■<£-,-, j^ ( c^^isjUU 



y Jjt-i" 4_LLa.g. LJLc. (X>->J LiUjJj A-JLUI ( Ja\ .iVllj £al i^i fill fLijjl Lul-i 4-La-i^j a.lM-^1 4-C-iJ3 fUjjl 

o±e-uZ c^_p- JJLU! j_ajj 4 j A I mi (J I (_)ia^^ <-3J^> td-Jij JuLLaoJI LiU Juu Tempering ( i*^lj-a) 

jjj <_J iK-ilt ( Al iU ^ Cc--vj ) lii mil i^-j^>JI Sjlj^sJI 4-^-j.i Cc_-*J I fltJjWi -ilj-M i—JLuaJI *_Lal 

JlJ^jj (JJljla mJI 4r -ihH (*-* '4-"- u l-<- a 4_l1oj ap-2 t-ilp-J («-J ^JtJjl^a-U^jJI Jjj-^ <— -J— t-^aJI j m£ JlJ^1^=ljj^jJ I 

. 4_u^5lll 4jUf Julj ajLc «i .t-".tl 4jUf JloJjj ( *I^jJI jl Cjj}JI ) LJLc. 






Hardening JULalJ I ld*6 - J 
. Thermocouple thermometer (j^^a ^i i£jL>*- ^j-^wH-^j 3 " Y 

C45 (^Jj^JI uAuaJI ^ Cilltft - X 

. Cj1jLiJ9 - 

• °£> " 

. ^J^>JLI (jrTTrtlt 4_«j}UI Sj^J-Vlj OljjVl - A 

(j--a JJM (jr JLl (^jJLsJkl (^^-Jj^aJI C-J <^itl 4- J J '^"^ ^-* £ JtA^ J-.*- L V : ^L^ 4-tad.^La 
% 0.35 C £>£. 1 j"j--*' Jjj3 ^pJI i_JLua]| Hjjlj AJjUUL) ljj"i*< (j^/jjiia j^lC. % 0.35 C 

tPlj^*- 5-iLih 1 ^J-IJJ UJ-i^ 3 ^' i^uj i.i int. oLLnil 4_aj}UI Jl-J ualJl ajlj^>. ^»-J-i JyjL>o f*MJ ~ \ 

jj_L ^ J^jJI o-« jL^atiU llUjj ( A3 J*iO LtkJI a^-j^JI Sjlj^JI a^.jj 3j^ (30 - 50°C ) 

. c*IL-jVl 
4^>-J-S ^11 (Jj_i-ajJI j^y ja , j\ V~i~\x\ aj <Laj}UI tJ-La- i n"tl Sjlj^*. 4-»-J-> (jr^ 1 OJ-^' 'J^J^ ^*"J J ' " J ' ^ ~~ ^ 

. Lfejlj-Slmlj SjIj^kJI 
Jjy i n"< *u_J (O-J C <J_j^^=j (j-uL-La- C J LiUjj ( (jj-iil LJ^io (Jj3 ) 4j>JLiil <Jj3 CjI_Ll«JI a J^Li-a (jj/LSj ~ V 

. gSlsdl Jjjl*. 4. HRC ^j 

SU,..lj^ L$la t^— r.tl u>j, Lbjlj (i'liilj S^ijIUtl i>.jjJLI (j^-iJI «j|>=- ^-J- 5 Jj-^J Ju^ ~~ i 

. Thermocouple thermometer o-o^a ^j^j^jj 







: <sj±-] <-*±u*y 25 mm J^=J 4^j> 20 oj^JI 4- 4-4*^ cr^H oU ^j'j^' oUJUJtl 



0.8 x Ux)<u 



JI^L 



25 ~ 



(4JLJ9JJL)) oj-ill 4- *-4*^ *L^> in^ 



: 4JL1JI lLUUI 4t^>ba ^_a t >^=JJI a^jL^JI ju-u!\ uLL^jl 4- Quenching LuUJaj ^D-^ I -4>P 

4-g.^ ( n < JlJ^_<jJ I 4_lLi£. /«JJ ^^— I 1 tjj-AJ I (j^O I Jl>- 4_uj_2 JlJ_)_lLJ I l!s LujJ I (_p3 1_^>. I ,jj^~ '"' (J I (— OiJ - 1 

■ y^ 

jjj ^— tl jjjJI LjJ ^jjJIj <i -i tali ' a Luljjj '~<1^— j^ «^ intl J»J>jUI 4jlor Ju£. 4-Lul!I lLL^so i_cjvj _ II 

. 2^,^;\\ I jUe_JI a-jJaUi^ illjjj 

ijvlliJI flJi.i^-tjJLl 4rtjVitl iJljV LiUjij 4jajj Sj-aJLO CjI_Ll«JI gela-m aj-fl-LLg> /<uJ ~ A 

. ^jLllII JjJl»- 4- HRC ^j J-L^-mJ (<u (j-aj C Jjo^=j jLj^»-1 CjI_Ll»U ^j-^J ~ *V 

ijLil <Li_L) <ujj AjjLtaj j_gj>m Ci->.J l(j 1^1 se lit LiUjij ;_gj (j ■> U (jr^-a-iilt CjI_Ll«JI Jm3 — \ * 







ul_]i_j-}L_. 


HRC 


jjjjUl'Ji^ 


Jj'iUnJl 


VjMJI 


HRC 


Sjjlj.aJliaJUl>^JAJI 


XUit 1 Jjj tytt 1 iat Lai 1 £$j 


ALutllOttj 










































Tempering gub2l3uU£- u 

. Thermocouple thermometer L> a^ ^i i^j'j^ ^J-^wH-^J 3 " Y 

. ( ejli^ia CjLLui) C 45 ^yJjJj-^aJI L-JLaJI J* (— )I-Ll£ ~ V 

. oljLaS - 
. ( CjJJ ) J^>p ' t-i i nj "" *\ 

^pa. jLtjjJV! *j ( 500 - 650 °C ) o>)}UI jr^a-..."!! 2j!j^ i^jj j^k. (jj-iJI 2jl>v i^-jj uk^ - ^ 

Jjf uiJ (<UJ (<U C Jj^=j (jj/LuLy dUjj ( tjj-ill LJ^io <_ka ) L>JL«i,l <JjJ9 CjLLljJI e J^L-a (j^/Laj - Y 

.gSLuJI JjJo. 4- HRC ^j 

A in i nl^J 1 (ji a Jl^=LjJI /<uJ Ltijlj ril i nlj AJjiLail <L>-jjJLJ (jj-iJI Sjlj-»- <*->-J-S (Jj-i^aj J_Lc - V 

. Thermocouple thermometer L y^X\ ^ijia^pJI 

. ajlj^>JI JuiS (-.d j e T iJ <Ulj_<_uJ 4J9^J-£.I /<U (j-«J ' t-i rt It, I 4 V> , „\jj (jj-^' (J*"' "* ^l^ ** ^' ^-^J 3 ~~ ^ , 
Ljj^=j I -1^-— ) 4^>JL«J,I *_la_iJI I'lmnj (3kli (_y*J 4 j inLUI ^T^^-"^' »>^ -t j"''l (j^>- jlfc»"*'VI _ 

. Ojjjl f^ys^s- £—. -S^pJ Li>-^' (ly 3 CjLLl*J| r^jso <Laj^UI (j~LJr i nil) ~cjj& sL^j-il Juu - A 
. *ljLj-l!I (JjJl>- £_ HRC <£j J j t i uJ (<UJ (<U (j-aj C Jj_^=j jl ola .1 CjLL u lU ^j^o ~ V 







Normalizing aJjUi^uU* j Annealing ( jjAtiUi)£«sitti?uU£ 

. ( j-LiyffcTiJ I 4-J »g 4-La i ul^J ) 4-tLtlaJLl J AJ^jill SjLjjj ^^aJj^aJI I . J ual\ 2^^Li^> ^j^^ ~ ^ 
(_p3j^»j (_£ J— II ( . il i^lt J_a^a ( _ ;r o_jj>JI J^— i i"ij /p-jo- (jr lc (J j ua^Jlj <jr L-L- ir« J I J^— i Mill /<u_lajj ~ Y 

. ( ijjUii LiUi ik^ijj ) jjUi ^Li ji^,v,n 

Jj(j in"! LiUjj jJ i^it.1 i_J i^itl aJ^Lt-a (_pa ajj iSj->^i La l(j'o'^ L^l Juki .} JulLi j-uiiel! I CjLlpf £- l_aJI JJulJj 
J^j ■■■" ^LlILij 4_i3 ^^.tjU^tlj ij^-illl 2 .sLj^-! -1^>L-jJI (^J^l J^— ifaJJ i_JLaJI Sj^L-a ^^A-Lt ji CjWLi 4ljt nil 
CjLJUc (j_a A^oUIl 4_JiJ jJI CjbL^^/l 4_J|j| L<iaj| j-wielJI 4_JU£. csl J_ifcl (j_aj . ,J>i^f Sj-« 4JL^=l^j 
Full (JaLAJl ) ^LUI j-u^ielJI 4_lUc J^ielJI pL-lUx >g-^f <>aj . oV^I J J-li &t]| J? J : ^ SuJl 

/<u-j d— ;p» jij_ij^=JI 4j_coJ (_<_ca^ Likj^«J>o jIj-1,1 i_J uaJI *_LaJs (jy=e-u£ j-jjls <j-c (<^j Annealing 
) 0.77 % C ^ jat oj^j^= A^J. ^ ^>i>ai ...I ^H A3 Jk^3^(30 - 50) °Ccr^u^\ 

i_J ua]| ) 0.77 % C (j-a (_yi£.l jij-ij-^a Aj_cuJ j^J^. ^jJLsJkl ( il ua]| La?< ( ^jLJa^a-jJafll jjjji L-JLaJI 

^ f L,JI *>>JI ^\j - Al Jk^ 3^ (30 - 50 ) °C cj^^UI fO, ( ^juj-^mjJI 3^ 

-S^-<-J a3 » U.SII 1 <| q, I, (_ 1 1 1, ~>. 4 1 1 iiLLa 4_j_Laj a^i^J 4_».jjJI ljJUj J_Lc la I aj a. » la - (_£j|j^>ijl ^jjl^jJI JaJo-Seja 
(JjJlj>JIj . ^Ljj-Ls LjJ9j ijj^-^ L-a- 4 ( (jj_oJI <_Li»-l-} ) (jj-ill *_« -^>-<-J 4_Ll * ]I tiJpJi d~p>- J-Jj_<i g-iVi jJ 4-Ll»JI 

. L^sl Juki j j-LaJfcTiJI iliLJ aX /<uiil 7t_iisjJ (jyJ^' 







^iH^ 1 


(jr^."»"'H *_)'.>*■ ^"J- 5 


UJJ^I 




O*-^' 4-*(jr^ ^dhP 


j^ (30 - 50 °C ) tr^^ui jvj 


ol^^-^^^ 


auJI j-t*auJI 




(_, If t£a_l>Jl 1 l_J ir-.lt A3 <!»_». 


J"*-, All iVa-iJIj iVa-ill 


Full Annealing 




0.77 C ^ jit o^j^= V^ 


4-jLkU SjL^J ^LJI ^ 






tfO^f-iyJI ^vl— ID % 


(Jj-i JuTlU 2 jJjLSJI 3 _i\ jjj 






L-u — uaJ 1 1 — a 1 t ( ^ J — jjj**( ^—i j*J^J 1 J 


.o^L, 






O-^l 0>tL^= V"^ Cr- 1 ^ LSj^-i 1 








j^ ,,i,^ii ) 0.77 % C o-* 








C^-u^JI ^ ( ^y^jJI 








Al J^.^ (30-50)°C 






(jj-ill 4- ^Cr^ 1 -MhP^' 


jl.^ U^iJ jljJtl j_L^I <>^3 


LdX_^l ^yjlii 5jl_t ^J^d 


Jj^—> <*i "Jl ^w>ij 




Sjlj^JI i^-jj (j-a Jit Sjlj^ i=-jJ 


A i . .it CjI j J2j_-flJl 9g-iLd uaj 


Process Annealing 




Al ,U ^C^^^yii ..,11 4-^.J^Jl 


, >( - ,5,-i,;,, . , tf_ 






lP^j-V -AjM' u^- I^Ij^"- 1 "J 






. (550- 700) °C 


5_jii-ljJI obL^I *LJI)j 

^ J^ ,V,tl ^c. OJLII 

Jjl .^-tl 4_lljl ) Jjl__JI 

J^_^ l_<^ ( ^L-^VI 
. Sjj^vUI j ^^>UI jjUI 




UJ-^ 1 4- ^cr- 1 ^ "■^Lh^ 1 


jlj^ Uj-l^ws jijj.1 gjaaii (>^^3 


^Ut^l^ta- 


obL^VI aJljj j^i^ 


*L^ J\ Jj_^II ^J^ 


SjIjjJI 4_>-jJ (j_a Jil Sjlj-a. ia-j.5 


J.^.V.II^JaJ^ 


Stress-relief 


;.u^ti ^^430 °C 


Al .U ^ .,-, -^" JA ,„ti ; 7J ^-i 


.^=JJI iiLJI 


Annealing 


■ •IV4- 


^^ J^l A« (jij-lj^ iVa_*3 " *1 

4 >.jj i 1 Jjlj^- J-II «-a Jjl Jl 

650 - 0-* iJr^^UI Sjlj^ 

. sj^Ij ^L. ;jd 495 °C 

650 — (j-4 1 >-j- . nltl "j'j- 3 - 

. s^lj i^L. saJt 495 °C 











Annealing jjwswlII 1»Ua - \ 
. Thermocouple thermometer o-o^a ^j^jlj^^jjj-c-iji^jj - Y 

. ( 2 jJLa^s CjLLui) C 45 ^jJj-^aJI i_JLaJI ^ CjLLui " V 

. CjljLiS - 

ajl_jj_l LiUjj (jj_)j_^=JI 4 j mj i.i in->- Cj 1— 'u-\\ I j-LqJfcTiJ 4_ajMJI sjIj^kJI <L>-j.} Jl-jJu>o /<u_J - \ 

Cyt j^=bU dJJjj ( A3 uL=Jw) LJ*j| ^-j^JI Sjlj^JI a^.jj 3j^ (30 - 50 °C ) ^^ 

. ,.-mm,,,jVI jjia 4- J_p. jJ! 
Jl (Jj_i-ajJI (jyi>- jl ty*M2 I *U <Laj}UI (j - ^ ' ""N ^j'j- 3 *- **"J^ (jr^ 1 OJ-^' 'j'j- 3 *" ^"J- 5 ' ^° .' ' ^ ~~ ^ 

TtjLlill (JjJl>. £_ HRC ^j Jjy i n" 

LiUj ,j-a jL^ntlJI /<uj i Lfejlj-Slmlj AJalLdl i^jjJJ (jj-iJI SjIjjv 4^j-i Jj-^J J*-^- ~~ i 

. Thermocouple thermometer o-o^a ^j l£jI>>- ^J-^j^J^j 3 ^U,,,!^ 

. ajlj^>JI JulS (-.J j c T lI <Ulj_i_aJ «LS}J-C.J /<U (j-«J ' Vl ill U 4 V> , „\jj (jj-^' (J^'- 5 ^l-' j - * ^ ^-^J 3 ~~ ^ 

tiJjJij (jj_AJI -1 fllsl /<ulj ( (jj-aJI £_ 4_Ll«JI *LiL) 2p-2 ) 4_aj^LII (j-lir i n"tl ap-2 s-L^jJl Jljlj ~ V 

. 4±iJ JiJ J>-<j Cj1_Ll«JI 

. iajJiJI 2j|>»- ^>-j-5 (JJ L^jj'j-^- ^>-j.s Jj-^j (jl J^j CjI_Ll«JI £j->>j ~ A 
HRC («-^j (Jj7~ ' ""< (*JJ (<u C (Jj_a^=j (j-u 1-La. c j ciUjij <L>jmi Juu CjI_Ll«JI Io^L^s (jj/LSj - \ 







Normalizing ^miXiUfi - t_j 

(_P3j_*j (_£ JJI (^j-Jj^aJI L-J L^aJI (jri^. (<u-J <_jJ-!I 4_jjIj^>JI oL>JL»i,l CjI jUr <j^o 4_lL^1 ^^ SJjUJLl 4jl<if 
*ij . Cr u_AJ»JI (<s^ej>JIj J^-i <fq]| jL_p-jJJ 4_»^l_ai. (Jj-L.a.-vJ i_3Jl^J JjLJI ^ri^- Jj^ mi* II CjLtL^C ^Jl^.^? 

..,1,^1! L^ i^p (30 - 50 ) Ljl*JI a^-j^JI ^-jjJI <>• cr^t J\ bb^' ^J J t^h 1 SJ - iLjtil <4^ 

A-J^la i^J-i (30 - 50) Al jl A3 uLaJ^ <j_a ^yic? mJ? MgJLJgl^jLJJjJI 3>2 <-'! t^aJlj (^JUj'^-MJaJI (jJ-> 
l_J uaJI (jj ^~*JJ t>^=l-"JI *lj-(JI 4r L ^1P-*J ^-4H^I JO - * U^ 6 ' ""'^ iP^ »l (j"nl Jt*JJ (j_aJj^=JI 4-j-mJ <_ ua> 
i dJj ^— » aLjJI j-LaJfcTiJI A-jlaX. (j^a *ljI_<JI i_-J L<aJI ^j_a J mi It 4 ajl <La j j ^— |j iO^J—i^a (jr-l^-t aJ^LiII (j-a TtjLlII 

. Jl>- j^a < _ 7 .ul, l> . f<^*->- J J^—i mi I J < ■ <\ uaJ I (jj)' : ~~ i J 

A*i*u»tl S^tflj ulj^f I 
. Thermocouple thermometer L> a^ ^i lSj'j- 3 * ^J^^-W 5 " Y 

. JjUl j^i^. AlajJua St 37 ^^Jj-^aJI i_JLuaJI £>j8 ULiLLi^. - V 

. oljLaS - 
. Sj^L-aJI (J-uLlII Jj_a^=j j-£»- - 1 

t^JI^P" 5-iLj>J LiUjij (j^Jj^aJI ijjuij lxucl iIjUJ.1 4-iia-tJ 4_aj}UI SjIj^kJI i»-j.i J^J^>>J <«~y ~ ^ 

. c,m-,m,jV| j^ ^ J^jJI (> j^=bU ciUij LkJI ^-j^JI Sjlj^JI ^ 3^ (30 - 50 ) 

^J) (Jj_i-ajJI (jP->- jl IVm^I (<U <Laj}>UI pyzr i n" tl ajlj_»- 4j>-jJ (jyl^- (jj-^' 'J'J- 3 " ^J- 5 ' " J ' ^ ~~ ^ 

/<uj *u C Jj_^=j (Jj/LlLbj LiUjj ( (jj-iil LJ_ai»0 (_)^2 ) <L>JL»_U ,J^2 CjLLl a JI aJ^L^a jjjjLSj ~ V 

. *ljLj-L!I (JjJl>- '£— HRC <£j Jj-a- i u3 
4 Vi i nl^aJ l(ji a Jl^=LjJI /<uj Ltijlj ii" i nlj 4jj IU t, I i^-jjJLI (jj-ill 2jlj^>- i^-jj (Jjo^aj Jllc - i 

. Thermocouple thermometer (j^^a ^i i^j'j^ ^J-l)-^ j^^j 3 

. ajlj^>JI jJah (-.J j c T lI ic.j_ijjj 4^^i£.l /cj dyj i t-i rt 1 1, 1 4 Vi miI^j (jj-ill <_^>-l-S CjLLjlII x_iisj3 ~ 







.Jl3.!j 

«J V_, Jjj^aj ( _^ul_La. c J L^jJ^Lca (jjjLaj iajJiJI «jlj^>- ^-J-^ <J1 '-^J'J- 3 *" ^"J- 5 J-*-^ O' bJu( 7 1 ~~ * 







uyi ^J^i^lA^jLfl^jJ^IJ^^y-jLuyl 

( ili^itl pljjf (j <i t j t Jjl i^i'tl ijJjLS (jr Ll l_JLaJI IL. Lta=ajl juitl j-ual_L»Jlj (j^Jj^aJI 4 j in*< j-uG 4-i-ulj.} 

. ^-j^a^a* jLiTl>-I 4 la ■ ul aj 

AJj^l j£ 4J>taJ A«JuU 
Hardenability juh^arJI aJLII ^ Jj^iJI ^1^. l-sjjOJI ajj^I J-u^Li3 4- Jlp-^1 J^ G-d^i l^ 

. Hardness i_JLaU 3j>>L^!Ij 
Li*] I Sjlj^JI tuL^j-i <>a W>" "J^ihP -^ juLuaTilJ jV^AJI aJLII ^.a. Hardenability juiuaiil ^LLlJa 

. « LaJil, I (J^L>- Ljjujjjj * S N ^aJI (j l f (jr^ 1 ^ i<alil 4-LLls J-»ClGj ( i. 1 1 nl-La J£>-<3 i La ■ uj aI Jiielu-uL) 

. Cy s=li=ivVI J^=GJ! jl (jijoifJL! t_JLaJ! lajLla ^ Hardness i_JLaJI 2j}La 
j^j^II s^M-^ t > a ^yJLi! ojuLuaj jui£. Hardness <Gj>}Lua oj^Vi oh>^= 0.9 % ^yic ^j^>Jil i^j^U! 

<>^aJ « U^ia J-^aJ J il l^J 3-tU^ *lj^l Juu J^-im 3% + jJJ^= 0.3% t^k. ^jl^il u ^-.M,,,,tl 

<>a ^yJUil oj-^3 <_L=a_u 3% + oj-i>^= 0.3% (_,_Lc ^jJL^ll j^j^II Hardenability juL»^:JI 4_JjLs 

^jJL-vj (_$! }LjL= Iji-J uaj jJLuax ^^-i^L^oJl iV^aJI 4-J-^=^ fJaJLa ^^Ll Jji^i^tl LJL=3ual C-xj^oJ JjVI 

. A-uJJJjjLa A_uJ /ylc. 







^U-iVji (1) 
^J, iVja (2) 




,j-a *JaJLa J ^^Jj^uJI j^jjjJI (j-a « USt J j I . .V. 1 1 4-lLiLS ( YV — 1) J*^ ui 







JULaUl Alb Lfl (ULo22 ^^jLf^l 

: ,j-a J_^= 4jpl Lj-^LiS Ijl n-vl Jominy End-Quenching Test ciij-LaJI Lt2_^ J±*j^ jL^I j^u 
4 i.o^lj^SAE^IjL ,„tl ^-^di&a a ^i-wj <(ASTM) jIjJLIj oljl <"^>U i ..^-n^Vl 3 i*o>ll 

( j_a » VitiU ajjjili^a 4_u_ul_jJ3 S_Ljc gjjjr i uj ^gjj.Ls £>£, jLli^VI I jak juLb .(AISI) j^^AJIj JjJi^tU ^j^-ijj-a^l 

<>8 J^\ ) i-nninjVl J3 L Jl Jj^»J1 (P*. ( 4" = 101.6mm) yjlaj (1" = 25.4mm) Uj_L2s iV$iJI 

(_p3j^»jj (^^oLS- (J_aL>. ^J\ clUj Jlju (J-2J3 /<uJ Ljj^Sj <LJLl2.} 20 «p_il tiJpJij .(Liitll <L».j^>JI sjIj^kJI Aj>-jJ 
jjLijJl 4_^la (j£. 4-LLtJI i— Sj-Ls ^ U( -JJ *W 3^-^' 4j»j^ J-^aJ9 (j-« y^= (j'r 1 La-lc (3^Jtla (^La jLuJ 4-LlaJI <_ 3j-Ls 
rt-fcta erJ-aj-^- 4-J.ui J^-, ,i, Tt-cbjJ ( Yi — ~\) J^-i A, . SjiJ^ta pli »<-»ljJL 4-*-i\2 *UI Sjl>^ ^>-J-5j *L-U 

. 4-Lmu aJI )LiTl>- z I '**" fljLal a_a 




12,7 mm 

f.Ull JliuJI 4a^a jLS 



(_u Lull I (-j-aaj^ j I m-v I Cj I "'^ \aja stzjb I ( Y £ — \ ) J^~~ i •"■ 







. 1 02 5 (^^oJj-^aJ I ' J Lai I ^j-^ 3 Lt^ -^^ d ~'r. L ^~ ~ 

.1045 ^j-^JI (..l.^tl t> <>a^- A-Ltil - Y 

.4340 u ^,M,,„tl <.,I„MI «>• ^^ ii^ - V 

. oljUS - V 

. Thermocouple thermometer <j-o^a ji 2j|>>JI ^J- 5 o^W^ 3 " A 

. (HRC ) C Jj>^=j 4^j>^> o>l t^aJI o"L»S jL$». - ^ * 

a^-jj 3^ (30 - 50 ) ° C SiLiL llUjj a-L^ J^=J ur^i^ii! i^Litl Sjlj^Jl a^.jj jj^»J - ) 
. ..-mm,,,jV| j^ J! Jj-^l (jU.M liUjj L1*JI ^j^>JI Sjl>>JI 

1 (jia Jl^=QJI /<u-J Ltijlj 2j inlj 4_ajMJI jj^se-uul\ ij\j^>- ij>.jjJ (jj-^JI »j'j-^ ^>-J-i Jj-^J Jl ^ 1 ~ ^ 

.Thermocouple thermometer t> u*JU ^j Sjlj^JI ^jj^^Ll^ Ua^ljj 

.<Laj}L!l (j^ ' ""^ \j-& jl 1V*MI (<UJJ 1 La ri 1 1, 1 A in 1 nl^aJ (jj-ill <_^>-l-S ^- " - « Jl j-tisjJ ~ £ 

jL iT l -U (J-aL»- (jr^C. <U1j_ijiJ Cc lB j 1 Vi rill, I 4 Vi 1 nl^aJ (jj-^' Lh° ^H 1 -^ ^J^* i^*" ' ""'^ *>*^ ^L^jjI Juu ~ 
. ^JJJlJJlJu jJl=»-j <Ulj_i_aJ fl J Vi -> 1 1 OjJt /<UJ (jl sLclj_a *_a ( _ ;r La^>. 

. *UI jLu 7tiii 2j_iiL^o J^sL>JI (jr Li S-4*JI Ct-Liio juu - *\ 

tJ-Uj" i n a (j- 1 ~- la 1 u tc-lJuvj *j_i 4_3j_iJl «j|j^>. 4_»-jJ jJI 4_Ll*J| (J^_i^5_a _a JtJ_j_(jjl 4_iLaX >Laj Jl*-I - V 

. iiuJI J^ls ^^ic 0.4 mm (J-aJLj (>u3ljiaj 

(j-a 50 mm iaL^oi 2 jM_«^iJI <j-"LiS ^^-.1 ^V SU^. ,„< oLa^Lc j-^j («j-j >^L«JI cjIjj! AJa-mljj - A 







js^Li j-^jj du> 13 mm iaLi^JL! Jj_i^^l ^"i-- *^ ■■~^\ '-^j-^ a_jI Jlj ^ oLa^Lc j-^jj ~ f 

1.6mmJ^ 
. 37 mm iaLcoi 3.2mmJ^ cjU}Li £-^j3 13 mm ^L^JL! Jj^yi juu - cj 

i i n *■». i p_j p^ aJI (Jjse-cuJJ j," 1 "-'-" '"'' /ylg. C (J JJ^~~ 'J 4_2jj_Laj a ^ < -xil j1_iTl>.I CjI«.I^j9 Jl>-1j - \ 

.(HRC ) sj>LuJI ^jJ Ua-^jHI U^l 

. (HRC ) 6 ^ uaiA Jj^^=j p-Sj i La i -j" a j 4jii i n"ll <_ 3j-Ls ^j^a 4Jal . nil (j-Li i^^Ltll (<u-uj3 ~ ^ * 



t^jQillj diLl i n-*JI 





: 4_Ll*]I pJ9j 

: ' J i^sil pa.) 


: 4_Ll*]I pJ9j 


HRC 


HRC 

2 


HRC 

1 


•&ui\ 


HRC 


HRC 

2 


HRC 

1 


aimi 


HRC 


HRC 

2 


HRC 

1 


&U4I 








1.6 








1.6 








1.6 








3.2 








3.2 








3.2 








4.8 








4.8 








4.8 








6.4 








6.4 








6.4 








8 








8 








8 








9.6 








9.6 








9.6 








11.2 








11.2 








11.2 








12.8 








12.8 








12.8 








16 








16 








16 








19.2 








19.2 








19.2 








22.4 








22.4 








22.4 








25.6 








25.6 








25.6 








28.8 








28.8 








28.8 








32 








32 








32 








35.2 








35.2 








35.2 








38.4 








38.4 








38.4 








41.6 








41.6 








41.6 








44.8 








44.8 








44.8 








48 








48 








48 








51.2 








51.2 








51.2 







Jfiifl 

A-uLui^^J! oljiijj;! uu-uj o- 5 '-^' 4- (^-^Litl ■ a htl j-4> Corrosion ^L^^aJI J_^=oJI 

4_u Jutil jlj_ II (j^i ti ^j-^tjj La J^_Lc ^1 JQJ^= Jj <}^-»1l J— ^=>Ii!l Cj J^^soj. 4_uLLa-t^=> Jj (j^tljf 

*LUj *l^iJI ^L^J <J-^° *-±^-* J(j^~i ili-aj^a (JjIjjjj (jy jfe Cj LLlJjjj" ^—i ty I J . ( (^yjLlj-g^s (JjJLtcjO ) C^jJj^l^aJ^U 

. '"il'^tj^"^— t\l t 1 j , Xj »" jj^. ^j ^ » j 1 1 I j . ^ » « ^c LdJbita L^=jJL-u (jjLtil i * II i n"< . tcJLo ji (jJa^aLsJ <_<jJlU 

:1 Jtla 

( _j^3l_i^>jJlj JljJlj»JIj aj_ujJL^Ij ^jj i ali U Jia ^j^>.i (jjLtA 1 1 II in" j . (JjJLsJkl Jl 4_x».jJU <_iLJj_tl cjLJjjI 

. <-lL)j_!l liJj lint IjJaLLa V^sjLlm 

. (J-L-vj j_4>ljja ( C1i_lI_jP^3lII) ' a a Se 1 , 1 dJ_u£>j^=JI (j-a-aL^. £_ <>.ij-^.j Jl_lC (jjjLse-Ltl (jr-iLc j giaj V 
Lg_Lajju Jl-lC (jjLtil liJj I i n i—S^LljJ 4- '- '.' ' "N ' (J-"L*Jl!I liJjl i nt jJaLLa i_*JjJL-u (_*^k jJI j jj^^-^'j 4 i^i lilt 
CjLjjjI f. Lta-C I J I 4jl3Jj (j-Lta 4_il JlL_uI LJaJLLa CjjJ_£P^=lI I 4- A^J-" <j Jut - a J^~-^ ^1 J-* '~'^"'^^JL?"'^~'^N t 



=Jj(j^— > 4 nnii'<j-i_g. (jjLta L4JL1 *_J3jJ,l 4jI ju_i-u^?l LJai La CjI j (jjL«J,l i-3j-^*3 J (JJljlU 

(jjLftJLL i_3j_*j3 (j^irtV; t,l 4j|ju in^l ,Wi La CjI j> (jjLftil Lai ( Jl_jJu»JIj a,j_u^lVlj A^j-calUI j dlijJI) 

> j^-tl 4 I i nl 1 n ?s_Lajj ( YO - "\ ) J^-— ui . ( (_ijfc JJIj (J-G^LjJI J (jjjLx-Ltl ) JiuJ Lul-La-l^ajj j^~- 4 1 iniiitl 








j^i^iVl ^JljlII 7r xjLaJ . (j^Utill (j-o 4_^LIi Jll 4jV LdJjJI Ji^elj Uj^J < ( Y1 — l) J^-i u, ( lulik 4_jl^) 
Jl^j>JI 4-»ja jljjjji ( -ij-J^I ) t_JLi_a]l i_< La2JI ^)"J al!l JJ 1 * (jJutilj i ( JjjL^=JI ) <_t>.^Jtl i_Ja2]| L^LaJ 

Jl^>JI lLuA.ua 4- jjajjiaJLI JlcLu jljsjl 1 ol^-> a-^Uj Jjs^I jJl*J,I JL>o Jj^t-a j| jjj 1 o^-> ^jLlJI ^pLij-^aJI 




^ULJ U±l\ (6-26 ) J^i 



p» (Ljjjj^so ^_ aJlJt" i n~ i_3jj-u (jP-Ilj ) Lc^-ulu |3j-^' J-*^ 3 ' (j- OJj-" 4r (J*"»S rtl ilij^la Juu 
,J^= VI i U i njU l(j i^i\jjui (Jj^ L^Jjj («J ((jjlr j LHa .21 s-lj-^-j -i'j-ll a-iLtl ^j-a A-soj-iIu i rtjt^i" ^_ 4_2jj_La_!l oJufc 

J^=Qll Jjuua JlJJl^o 6 ^=» IJJ • «-iJ^>Jk1 4_ilajJI »p^l J^L>- 4-LniI 4_p-t-wntl O^L_JJ j-i£. aI^sQI,! SjUI 

: LJLUI iJjUil fr* 







W 
R = K—- 
ATD 



. ^J^=J^ (J^=QJI 3^1 Jju^) J^=QJI Jju^ R d^K 
. kc\ intl (j-a £jUI (j-a *jj- Vl>^^ O-lP' T 

. AV.l = CxjIj jlj^La K 

LbjUjI st37 (_JLs ^ J^=lAII ^ul^l — I oLLui o j>jlc - ^ 
LjoUjI j-**. Vl (ja-LaLU! <>a J^=uUI 4-uljUinl cjLLui i jji£.. ^ o x 8 mm 

Ooo x 8 mm 
Oio x 8 mm 
0Yox8mm 
0^ox8 mm 

„lt| 4-L»^=> Jj ■ >— "t ^ • • • ml rj JlA jLita - Y 

. •, -- ^ gm A-U-ul I n-SJ (j^/1 I il~>- (jlj_La - X 

. (jjj^a^LlII 7t V> i .it 2 j ii i i ^i 1 ( "\ • • — 1 • • - YA • - ^ A • ) <Ujl ii"a <LajJ(-> CjL*-j JlJ ~ejh'tir> jjjj ~ £ 

. 4JL>-I J CjI_Lj«JI f-J-^J -^J-^' '^ ' "J^ 'Ar jLu-'*-^^ » LaJ3 i La a "- 1 .*jLir"i uJ <Ll»-L*.J ifCjl (J-oaJ* ~ 

. jjxjJI «.La 4 J i ii ) ^jjj^— i"J LiUjj ( AjJJaa^aJI JjjjI^— i ) Tela + «.La - *\ 

■oLLu a II JjJls- 4- u'jj^l Odi^J St 37 c-JLaJI ^jL-Lui ojj ~ ^ 
. J j-JL^aJ I o llutU J^=Ql! (joj^dl 0-^ LptLa^JI i^Loil < > Lma. - Y 

il (Jj*-lj_a (. i ( ii^>. jljjJoJLi JjJlj»JIj (jj/Lx-LlI CjI_Li£. tt l-w nl ajiiii^ ~ V 

: IA\X\ ,.,,,, ;tb jJUl £4 *UI Jali. - £ 

. «.La ,J^a ^ • • • + Ttia <»|>>- 5 







. LfcjLS-^J *LJj '£— St 37 i_JLaJI CjLLui (j-a 4-Lui *-ii3j3 _ 



. 4-ulj^l 4_uL ^_ J-4->- 



V! ^UUI oLLui 






6-« ^-^ 3.3^ s-^ 3 ^-Lui <J^= o j^- 1 " c 



« La2JI j-j-4j»- j-«^- ^ *UI jl (j-« t^—r.tlj cjLLl«JI 

. J^— IlJl JJula (- 1 1 u -»,jj i_JLaJI CjLLui (jjj3 «JJlj»J,I 4-ilojJI "ij~ih\\ »LgHJl Juu ~ ^ ^ 









uLjUftlljguLUJI 





st37 


i 

st37 


r 
st37 


Y 

st37 


st37 


4_U*J| [ rtir-ij 












Wl 












mg ^l^t &y^ ^ ujyi 

W2 












mg c-JLaJI 4-LLtJ jijjJ! jJaLa 
W= Wl- W2 












4_L>-L_ail *> . , ,.*tl 

Al 

A2 



















Al 

A2 " 

. mm 2 s jl*.jj (j-UtUI iiic 4. J^=qu i^j^lII o>ljii = Al ji^*. 
. mm 2 2 jlvjj c-JL^I iiic 4- J^=fal] i^j^J.! ia-LoXI == A2 

7i x(D 2 -d 2 )/4 + 71 x DxL = Al 

71 x d 2 /4 + 71 x dxl = A2 

(j^Utill iljc. jJal = D ^_p* 
t-luaJI Xlui jlaJS = d 

(jj/Utlll 4-Lui f-Ujjl — L 
(_JLaJI ijj^. f LojjI — 1 

. Ij-i^> (jj^-i" aJL>JI ojub 4- 4_p*L_JJ i^alll (jLa 






4_iL) (j iijjliLa TTjJlJJ 1 j ' a I J 3> J fl-SUtl <Ll*j (j-L) iS^Ltll <L-uljJiJ plgJ i^ 1 -^' p-L*JI 4jLj jljJLl (olc l_ Sj-^J 

CjIj jJI jl Sj jJI (>U LkjI^pJI AjC_jJ JiJlJ>o <"<1*w^~^-.NI ^ jufc j«l^_-,tl ,-,r,j^"^Utl ^uLi i_3jju (_^'j J-f="^' 
Lbe-iiyji Jj9j ilajl^pJI ^JLjls ,jjXjlu\ ( _ ;r Ll ( rtM^>"< L-uL-ui jl^oiLs i _ya\^~>*l\ £yijjj£=al\ ^LlJLlj 2 jLJJ AJj^-iU 

.JjVlsjL^ia-iiUi 

(JJ/LuLo (jyic eJ_0_LCj 4 jUilitl U_)^0_L»JI (jy-^J »J jJI (JJ/LuLo ^j" ( II 0, (jyic ^3^ 4" J ' <*">' « J LflU 4-LL i J I ^-l^fC 

-ilj-U ( j^>\^s>~ 4- p^-i-»-"tl I|_ (_)_o_l»JI ojufc aI JiitL-ul ^j^— > i ' 4-xie.La ■ uJlj 4-tiiiJI u-S_o_l»JI j^Jb^ LlUj ^j^a jj£=i\ 

.ejUJJ ^I^oJkJI rj J3 4- (*^=l5bj1J i LtkHJI <-Jaa*JI {jC 4_*^.Lill £ jLijJ^I Sj-fclli J^LtL-ul ( 1 
Lp.Li frt (CjLc>UjV!) A-tk^JI ^ao*JI 4- p^-'tl Jjjjla £>£, 4^a-ul^=L-tXI (^ol^iJI 4- p^ "tl (2 

p-^>- ^_ p^~~ » "»"'' JjjjJa {j£. lIU J j^Lj^ ^^u...'! i i^o_LtJl ^_ p ^-— » *»■" 1 1 Jjj^la ^j-^- (_>^ '_J^>«J ' 4- p ^** **•**' I ( J 

A M",-* e, jljjal 4_kl I i ii M £ l£L)I I i nil *jjL1 i_3j_*J Ld-I £ d " jA I A", ^ ' ~ ' ' ^ 1 ^~~* Ij < O '"' *- ^J^3 Lie Cjljj l j J J^_lL>J I 

.Aj]Ij]I 2jL>-_aJI 4- ^^ Lbe-Loji J^J .j-cal-LtJI ijjijj Lui^aJI 4j t nrtlj JaLjJl jj-al_Lc 
(^LlILij lLLj! jmtl jl_aiaij 2jUI Luj uj^o-UI 4- J-IP <jr^' 4-aLjJI J^sl_aJ«JI Jl>»| ^^ (>LJt^ul]lj J^J^jlII oLi»£ 

.AjljIjJI 2 jL»-_aJI 4- CjLLojlJI OJufc Lbe-LQji J^J 4jjIj^>JI 

^^ J"£*J i^JJI jJLtI.1 lLLIJ (^Ic J^=QJI I juk 2jjlai^ J Ul« j .(jjU-aU OJu>o ^jj| ^L Qj^-'jjcj^ 1 -' tl 

Ojlj-i-blj ,J^=QJI I juk ijJTp^a .^jJ^^I J^sI_oj<JI <_>iiAJj ila-pJll it-i ni_aJI fpj SjjJI 4- ^jLJj>^=l!^I Jd3P 

.4-t^_aL>JI I jL>-_aJI 4- ^^ Lbe-iiyjf Jl^j -i'j-l' pi^- 4- ^^J' Cj Lljj-is jll (j-o jjb 4_La AjL^aJI JlJ-^J 
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(2)3*1* 




fUdULtll 


i^fcuiiuiaikaijuuai 




4jj-tL>Jl^Lj ^yitll 




A^jJLUl^JI 


Thermal equilibrium 




i^jb- 3 * o'j 3 ' 


Internal stresses 




iJL>.|j cjIjL^J 


Miller indices 




jJLa cjLuIjl^J 


Jominy test 




C^^ J 1 ^ 1 


Reduction 




Jlj3il 


Mounting 




jLu-ul 


Oxidation 




;j.,.^it 


Electron 




(jJP=JI 


Valence electrons 




jai^-."ti oUjp^Ji 


aluminum 




a&julaoj] 


Dislocation 




£>Uoi 


Edge dislocation 




2_U£>Uol 


Planes slipping 




CjLjj" ) nU <jJ2J_)l 


Melting 




jl<3"~"l 


Anode 




Jl^jT 


Anion 




U3tH' 


Quenching media 




L^^UI J^L-jt 


Austenite 




d^l^jf 


ion 




OfcjJ 


Pearlite 




*=*!* 


Proton 




LiPjW 


Pretectoid 




Jjj"^— i"jj-i 


pretectic 




4"^w 


Electric battery 




*tH>*^= ^JJ^ 






Crystals 

Bainite 

Steel microstructure 

Crystalline structure 

Lattice structure 

Microstructure 

Polymers 

Corrosion 

Electro-chemical corrosion 

Solidification 

Phase transformation 

Annealing 

Stress relief annealing 

Full annealing 

Gear 

Thermocouple thermometer 

Deformation 

Cold working 

Hot working 

Hardening 

Case hardening 

Tempering 

Quenching 

Magnification 

Twinning 

Molecule 

Polar potential 



*b4 
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Grain 

Grain size 

Grain boundaries 

Iron 

Cast iron 

Dislocation motion 

Cathodic protection 

Ceramics 

Galvanic cells 

Unit cell 

Mixture 

Recrystallization temperature 

Substitutional atoms 

Foreign atoms 

Interstitial atoms 

Atom 

Solubility 

Ionic bond 

Covalent bond 

Metallic bond 

Lead 

Atomic bonds 

Secondary bonds 

Zinc 

Stop watch 

Ferrous alloys 

Nonferrous alloys 



£>Uol i^=j^ 

<UJl»-j 4_lL>. 

j^LlJI SjLcJ ejl>>- ^*»JJ 
4_JI Jul Olji 

l£ 

I 3l_5jl 4X.L.U 

4_)JU JL>. L- LLi 1 l i ii 






Alloy ^..... 

Ternary alloy ^^ ^..... 

Binary alloy ^ls s^,.... 

Impurities s^'j^ 

Hardness sj>Lo 

Steel , jLa 
Hypo eutectoid steel ^ , ^-,^ ,^ ,ti ^ ,a,„ 
Hyper eutectoid steel ^ ,_, y,^ ,^ ,ti 3^ ,.1,^ 
Photo -micrograph r;, ^^,..^^.^ i^^^ i J3 ^ 

paint S >LU 

Organic paint ^.^ s >lu 

electroplating c^>^= ^^ 
Nonmetallic non-organic paint ^.^ v ^juwV *}LL 

Phase ^ 

Diffusion phenomena J i ,*-,;vi SjJb Ui 

Family of directions oL^H! ilSLc 

Family of planes ,-,uy.,..ti ;r,u 

Coordination number ^,.,r, j,j^ 
Atomic number 
Actual number of atoms 

Objective lens s^ : * ^j^ 

Eyepiece LlL^ a^j^ 

Machining processes j : ;»-,t ) qLL^ 

Forming processes j ^ *.-,t i qLL^ 

Crystallization process ^i.-.ti ^.a^ 

Line defects ;,t^ ^^ 

Surface defects s : ^u... ^^ 









Point defects 

Microscopic inspection 

Vacancy 

Metals 

Tool steel 

Mild steel 

High carbon steel 

Carbon steel 

Medium carbon steel 

Low carbon steel 

hardenability 

Brittleness 

Hot shortness 

Tin 

Brittle 

Tension force 

Electromotive force 

Standard electromotive force 

Cation 

Cathode 

Atomic density 

Atomic density for directions 

Atomic density for planes 

Solid spheres 

Gas carburizing 

plasticity 

Sacrificial material 









1 1 1 , ^." 1 1 4_lL)LJ9 









Martensite 
Toughness 
Crystalline directions 
Microscope 
Etching solution 
Electrolyte 
Diagram 
Phase diagram 
orbital 

Crystalline planes 
Ductile 
Normalizing 
Heat treatment 
Atomic packing factor 
Corrosion rate 
Cooling rate 
Cooling curves 
Engineering materials 
Mole 

Red copper 
Brass 

Atomic radius 
Crystalline system 
Isotope 
Melting point 
Freezing point 
Pure 






2j JJI jial <_ 






Nucleus 

Nickel 

Atomic mass unit 

Atomic weight 

Eutectoid 

Eutectic 









(3)5*1* 

^^j 4j-uL>JI ojufc (J^jjJlJ S*La^= o^Ljj i^-J-fJ 1 -^' ^J Uj'^"" '_' ^ Cp-"j 5-aLjJI CjljLijVI ^j^«; tilLufc 

oLu-uL-u^l ojuk 4jl3-Ij^3 JLtail (jj« 0.3^=^ ^J iju^L^^I cjLuisLjpl (_>iaju Jl rLL>J JjVI «j-=»._aJI (I 

t^yJllJL^n JjJl^cIILi ^yAj SJl^-^JI ojufc 4j| JlJ JjJ2 
J^— I )"ltl <L»-L_a>a y"iM ) n< 4_Laj f-^Llis VI (_gjl ) n" a i^lJitU <L>- L_o>S /<U Laj_<i£. cL—CI. I <L>-L_a>a • 

<1 IV'i / t I /—ml J ) nil 

■L^J^^ 3 ^JjJiJ * 

.Sjjl jJlj JjtVi i nt,lj J-Jj-ll <L>-L^a • 

■JJ Ml t t, lj flj^-l tl <«^>- * 

<U Z JlJ 'L^-J-II >JJJ J Urltl (J^laj 4£.^Lis I J JlCJ «L<-ujJj J JlCJ 4-«JJt». <»t-L>- (j-« lit ^-1 t, I <L-ulj J • 

.giuaJI Jjla iJVjLj fitVntl ^MiJI fJr II £_UjjI • 

;-.it^^\i ^ L^jJLi Jls-jj Vj Sj-iiLL* LuliJI sj^oJI (uj 

4- AJiaf *Lk£.l «^s (^jIj^kJI (jlj^VI CjlViVi-^aj J>^l f^^-" (jr^- jr^=>^' i-i->«j < aULa!! s J-^^oJI 4- (?T 

.i_oJ_a^= Jj-UI 4- lij^ ^Jlafj J.^Atl 

^I^oJkJI 4- ^^-i^elll A^ia r ITuTli-u I j TTT Jl cklaita ^JjC 4jljIj_!I Sj-»-_aJI 4- j-^=>^' 4*?^ ^ 

TTT Jl uklaiti aJLo^I <_>i»*J (jJ^l j_i£=>l!l x_a JJj-pj'l CjIjL^s 4- tQ^Tfcill tjd>^ (j-^- ^ J^~ 'j'^L^afXI 

Jj)>tl (j^- 1 <ij 4JlJ2 < 4jjLtilj J j 1 1 ^1" 1 1 J j-Liyfte T iJ I J 4jl»-Ij_U CjLJUj«J 4 j i nitL Lai .^JljjIj 1 - mI^-lII > . il i^ilt 

. Jj i^-iii'tLi (J-a- t - U 4- <J-"J ^ L#J 2 jl 1 ^>" -•>- Lj l(jjlf 
ojufc (j^iio ^1 JjVl Sji^jJI ^ (_dJjL*l!l <_>ia*J ^JjC 4jlsJj_U 4-^LkJI 3 Jl^jJI 4j| J_) JJjC t_^o (_& 

.Sj^aJI 
I j '^»« ) 4_LLa-tJ I j ^^J Cj La&Ltl, I J 1 ^— »" i«L— l><j ^— La-tJl < ijjuaj ijTj * * 'J^ (j^- 1 J)i ' " '" '' *— ^^ v_J 






UJjJua jj"V (3i' " '"'^ S- 1 ^ 'LJLa lLU jjj Lj>IaJ Lg i "Jj '"' ,JjJ9 I JljJ Jj9 (J^sQLI A_p.l - all 4 j i gill AJj^so (j 
«.j^>JI 4- cA^r^AH^^^ J^=t^' f3^" (>=■ JL^'j (jr^' J-^' *lia£.^ ^ U -til MjJ^J igj^itl 






cff^^l J^ill jt^ edit I i**L* . SjjI^JIoUJLairiVyJIj jjjl>JI. > j^^< jLIajJI.j -^ 

. e nil 5 UY. t ^LkJj 

J^JJI Jl^jLm <_dlU 4jt_«U* . tlLjL^JIj (^jIj^kJI (jljj^l tiV^ilij JjJu»JI . JJL J^ssja i (jl ujitjJI .J> - < 

^Jxl\ J&\\ J1 _ 5 ^iilU|i M L^.i^L^liilSL«JI:iV>illj JLJJL>JI.>. J^a< jLIajJI.j -V 

. e nil U\. » ^LkJj 
i^L^aj 4jjIj^>JI cj}LaL*Jtl j i;JL>.|jJI cjIjL^^I jjjIj 4jj/Ijji . oy^*- (**-lil J^ ( -^>" ■ J - i 

i>.jJ (ji£. Jj) i^> Tell i_JLLal»^=> rj-io fj>Aa . J^=llll 4-J.^l (J i L £. -ijj^lj JijjL^aJI 

. UU- I1W. l^L^L. ^jall 4ji^itl ■pu.jjj^l^jtl 

<Lujj<JI 4 t j V> 1 1 < ^^dj-^ 'J unit r-^-tSj^so JJ-^u jl J . J ji i"mj j j(j^ i 4j i riiVitl . q\ q^-iIj ( I i(jj/ - "I 

.* ^ <W\ .SjjfcUJl Jj^Vl L^j* 

J i U) jl J . i^Jj-^J^^l' ( ij^-t^lll /<dc IL. 4_ajJLa : J^>J,I COO CjljJLUI . JJ)<rMjL^3 4 I _ V 

.a ^ 'VV^ <2j_4>L2JI ^Ij-A^M 4 1 n i nj-a LujjlII S.jUtl cj>lIj_i tj-iTolU r^>fSj^>j 
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2j jji1-1 

^jjjl JJlaJII-1-1 

^jjJloj^i 2-1-1 

j^ui 3-1-1 

oljUl 4-1-1 

jai^i-ti oUg^Ji 5-1-1 

LuUSJIsjitlS 6-1-1 

OjjVi 7-1-1 

aJL^JI jIjII ^ AjjJJI J^lj>JI 2-1 

ijijjVl ilajl^i 1-2-1 

Ll^l^ui a^ijJi 2-2-1 

^j^j 1 1-2-2-1 
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sbjiliil Jajij^i 4-2-1 
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^r ^i,,,r,ti jjuJI 1-1-4-1 

^Y AJUJI^-oljJdJ^LLiJI jjuJI 2-1-4-1 

K -.jjJlji^, rt.^j^Lkil jLuf(^a>UJl 3-1-4-1 
(APF) ^j jji ^UjjVI J^L^a 4- 1 -4- 1 
FCC^^l l£>=>-« 0l t^U f Lt^l 2-4-1 
HCP f^ojJJ ^Ij^JI filial 3-4-1 

u ^^LJI oU^lllj oL^lUI 5-1 

n <jt *^-.ti fiikUi a. a^^ui oi^m 1-5-1 

U ^^oL^U^ 1-1-5-1 

Y* 4-jeILfl /o 1 iij ,Z~ 1 -J- 1 

Y^ ,t^U f U^I a. Ajj^JI oLj>LUI 2-5-1 

Y^ Ljl^^oLjlcJLlS^j^ 1-2-5-1 

YY iSS' ' " a f ' f^A~A~D~ 1 

YY oLgluJLl j CjL^lJJ ajjJlII ^Lal'i^-itl 6-1 

YY oL^uU AjjJJ! ^l!l^=J! 1-6-1 

Y£ oLjj-,,„olt ^jJJI atSgaJl2-6-l 

Yo ^it^U^U^JI^oLj^l^ljol^lXI ^Lc 7-1 

Yo ol«*aH]SLi 1-7-1 

Yo oLyjl^JJ aJSLl 2-7-1 

r\ jj2\ sjL».yi ^^jl 

YV llDL^j-^U 

Y^ 4 iLua]| jljJtl ^y^l ;a-u15]I Sjo^Jl 

Y^ ^aIjlaVI 

Y^ (_*jjjlil «^jlll oljJI 

Y^ 4JLL.JI oUWU I 

YY 4_sjJLa 

YY ijUsni^j^l 1-2 
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^-»u,„ti c-j^ul!! 3-2 

UJiiai oUUJVI ^ ^l^iJI 1-3-2 

JuUMI c-.^! 4-2 

ol^>Uo^! ^=j^ j ^jjJLJ! 1-4-2 

oLtMioVi a^=j^ ^ j3j3 ^l j^l^Jl ^a^ 2-4-2 

ol JJJ ^tl f u^ 1-2-4-2 

jjLJI jLi J,^,v,tl 2-2-4-2 

Xjj^c. oljj i^Lbl 3-2-4-2 

^j^^ui oLU^ 4-2-4-2 

4-aljU! 5-2 

4_uLUI «Jl>-jJI (j^-irl a 

L£JjLani« a > "(■■>■ I 

^jlj^JI ^IJjVI ciIUU^j A^Judl li^l^ji -.mm Sj^JI 

i_fl|jL»Vl 

a^jL^JI <-. UU-,t l 

jbjJJll-3 

j^kii 2-3 
^jIj^ji ^ijjVl oLkk^ 3-3 

^Vl JaiJl SJl^H 2-3-3 



LfUfCtl! 



(^JijJi^ta j 4Jj1 intl SJLkJI IL. ^jLijjJI ^jJ-alj (>GjU (_£jIjj* (jlj3l ilaJaia^ 3 - 3 - 3 

(j^Jj^aJlj JoJlseU (^jljoJI (jljoVI iViViAe^ 4-3 

(j_jjj^=Jlj JoJoJI cLjLj-<-u J-J 

C-dua-U A^jJI *uuli1\ 6-3 

(.gJuj'^-iG^JI <_4^3pJI 1-6-3 

^Juj^-mj^JI Coo i_u^3pJI 2~6~3 

i^joj'^-ijj^Ji 3^ <.m^-i>iii 3-6-3 
SUliJI sjl^^JI jnVU 

liJuLanl* a > <"■■»» I 

ajjIjoJI oUJLJJ :^!jJ! Sj^JI 

A^jL^JI Cl LHalX I 

jljLVl Jj*u 1-4 

culjJ! 2-4 

c,Mjtl 3-4 

coj-ujUl 4-4 

^^^1115-4 

^joJlcoJ^^^ui 1-5-4 

^mi^^^ui 2-5-4 

aJjUI 6-4 

jii,^-itl 7-4 

i^l^l 8-4 

ajjojo.>ui ^l^ji 9-4 

^LtU! cdSL^ 1-9-4 






^L^UI ^L^J^^^UI 1-1-9-4 

l^ii^Vl ^jlsl^u 2-9-4 

j-j^yVi ^l^J^^j^i^l 2-9-1-4 

<L*-)|jJI ajo-^jl ^j-^VI a 

J^afcJItiunLiJI SJL^jJI 
i_3|jLA^fl 

a^jL-JI .-. I.IU-t l 

sj ,„ ^-.Vlj Jl>o>Vl 1-5 

j^ii2-5 

^jP^j^i j^juai 3-5 

ul usn j*>ji 4-5 

LLiUL>JI lmjji 5-5 

AJjUtll A-Uj^^itl 4jL<3ljJI Sj^JI 6-5 

j^=oJ! jju^ c_»i ,,,^7-5 

o^u-aJ J^abJI ...;?." 3>u8-5 

,Mk]ll-8-5 

^judl *}Lkjl 1-1-8-5 

^j^^>ui ^ju^>uu>LkJi2- 1-8-5 

^j^*JUMkJl3 -1-8-5 

^jj3L^=J! ^L^>Jl2-8-5 

ljIj La j l t - o j- f^* - I 



_L)>__I 



UY 



^OY 






tjij^jJil (j ^T^it 4j-tg. j- i ^ j o _JjVi *j>*-II 

igj^U ^;-~ — rlJI — jLLl_ jl imj Lu_JI 4-)J_e_!l 

<_—"—» _)JL*Jt JlJ^jjJI (^y^e-La (<u-uj 4_1l_I <L)j_*_JI 
' ' ' j ) Jl___j I a (_>_>l__jjl Lib! ( i n ^j-* 3 ^j4->-l ^t>r~' — -iLLr— La ^-"-"J 4-*-*I>jI ^-ij- 1 *-^' 

^ YV <Jd>k 6^" (jA^J-^ 3 ^' S^J-aJI ilb CjUj^-ia J H^Jt (jr^ 1 <-3>»j]l 4-i^aL>JI OjjjeIJI 

(^j^J.1 (j ^i-rrtt l 
1™ C-JL^IJ 4Jjlj^Jl OUJUI ^jUJ 

' * ' » . . U.",t l J il^f a 1 , I i ,V, 1 1 4_lL^C 2 , „ \ \ , „t l 4_) >_^ll| 

<_JLaJI IL. J-tL^alll ijtLLS jJjJill ^ylao^j. jLiTl>-I 4_Lal_l!l 4_)jjtl!l 
J^atill A^LUI ^Uj^LlI 
Hi clDU^ j^l CjL>UJ (1) Jrtla 
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